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Background

The Beal Mountain reverse osmosis (RO) water treatment facility has been operated seasonally
since 2008 to treat the heap leach pad water to a suitable quality for discharge. Because the
RO reject has been recycled back to the heap leach pad since operations began, there is
concern that a buildup of ions could lead to future operational problems, such as increasing
scaling potential that would decrease the operational efficiency in the RO unit and prevent the
water treatment facility from discharging the necessary amount of water or increasing
contaminant concentrations that may lead to violations of discharge standards. Because of
these concerns, detailed chemical modeling using the U.S. Geological Survey software
PHREEQC was conducted to predict potential rises in major ion and trace metal concentrations
from continued operation of the RO water treatment facility at Beal Mountain where the RO
reject is recycled back to the leach pad. Data collected on the Beal Mountain heap leach pad,
particularly data collected in 2012, after the heap leach cap at Beal Mountain was repaired and
less recharge occurred from 2011 to 2012, were used in the chemical modeling work. Data
from the water quality modeling was analyzed to determine potential impacts on RO recoveries
and operability and on the treated effluent water quality from recycling the RO reject and
decreasing the water volume in the heap leach pad.

Water Quality Modeling Activities

The water quality modeling was conducted in the following order:

1) Existing RO influent, effluent, and reject data were analyzed, and mass balance calculations
using the spreadsheet Excel were conducted on the major ions, including ions that could lead to
scaling on the RO membranes, such as calcium and sulfate, and on trace ions that are a
concern for discharge water quality. These calculations were used to determine the mass
balance flow in the system and to calculate historical removal efficiencies in the RO facility to
use as a basis for the next steps in the chemical modeling. The data are shown in Appendix A.
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2) The mass balance flows and removal efficiencies determined in the previous phase of the
modeling were used to set up calculations of mass balances to model future water treatment
activities at Beal Mountain, where it was assumed that 16 million gallons (MG) of fresh recharge
water would be added to the leach pad over the winter months. The volume of 16 MG was
derived from site data for the period November 2011 through November 2012 (i.e., after cap
repairs made). It was also assumed that the recharge water would be pure water and would not
add to the overall mass of ions in the leach pad. Using these assumptions, various scenarios of
treating different amounts of water from the leach pad per 124-day operating season were
calculated using an iterative process. Because the 16 MG of water has been assumed to be
pure water, and because the modeling assumed that the only constituents that would be leaving
the leach pad would be through the RO permeate, results of the modeling would not change
significantly based on the timing of the input volume. The RO reject was modeled to mix totally
with the water in the heap as a realistic worst-case scenario. If total mixing does not occur, then
the RO influent should be of slightly better water quality (i.e. – lower concentrations of most
constituents) than that modeled. Another assumption was that none of the water has been
modeled as drain down.

3) In modeling future water quality, after each mass balance calculation, PHREEQC chemical
modeling software was used to estimate the ions that would precipitate or dissolve. For
example, in estimating the calcium and sulfate concentrations after recharge over the winter, a
straight mass balance calculation was first performed in Excel. Then PHREEQC was used to
model precipitation or dissolution of solids. An example is that PHREEQC was programmed to
model the diluted water from the recharge equilibrating with solid gypsum in the leach pad to
generate more realistic concentrations for calcium and sulfate. To model decreasing the
volume of the leach pad over a treatment season, PHREEQC was programmed to allow for
over-saturated species such as gypsum to precipitate. However, an important assumption was
made to allow gypsum to dissolve to ~140% saturation during recharge and to precipitate at
~180% saturation when the leach pad’s volume decreased to near its annual minimum volume
at the end of the treatment season instead of using the standard 100% saturation value. These
higher numbers were empirically derived based on analyzing historical data at Beal Mountain. It
is thought that the gypsum saturation levels are significantly higher than 100% due to
antiscalant buildup in the leach pad from recycling RO reject. This point will be discussed and
elaborated in further detail below. The modeled data from this step are in Appendix B. Data
from the PHREEQC chemical modeling are included in Appendix C-1 through C-10.

4) After estimating the predicted water quality from future operations, historical contaminant
removal efficiencies were used to calculate the expected RO effluent water quality, and values
over the discharge limits were flagged as potential issues. These data are in Appendix B.

5) The RO antiscalant software Avista Advisor was used to estimate the likely impact of
projected future ion concentrations on the recovery of the RO water treatment system when
Vitec 7000 antiscalant, the antiscalant currently used at Beal Mountain, is applied to mitigate
scaling. Other antiscalants, such as Vitec 1000, Vitec 2000, Vitec 3000, Vitec 4000, Vitec 5100,
were also examined. However, out of these antiscalants, Vitec 7000 performs best in mitigating
calcium sulfate scaling.
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Major Findings

Amount of Water Discharged and Ending Leach Pad Volume per Season Will Likely be Limited
by Selenium Effluent Quality

Using the methods and assumptions outlined above, iterative modeling calculations were
conducted to determine the volume of water that could be discharged from the leach pad
without surpassing discharge standards for contaminants other than ammonia. Ammonia was
allowed to exceed the discharge limit in the modeling work because there are other
mechanisms for treating ammonia in the current treatment configuration at Beal Mountain, and
higher ammonia concentrations will not lead to scaling issues for the RO membranes or
decrease the RO recoveries.

For 2013, it was found that the Beal Mountain treatment facility would theoretically be able to
process approximately 33.3 MG of water and discharge up to 20 MG of treated leach pad water,
resulting in ~6.5 MG of water remaining in the leach pad, without running into major issues with
scaling or with contaminants other than ammonia exceeding the discharge standards. The
selenium effluent concentration would be close to the limit of 0.005 mg/L by this point, however.
These estimates assumed that there would be 16 MG of recharge (current worst case scenario
to result in higher concentrations), the total volume of the leach pad would be approximately
26.5 MG, and RO recoveries remain at approximately 60%. Under these assumptions,selenium
was found to be the contaminant of concern that would likely go over the discharge limit if 16
MG or less recharge occurred and more than 20 MG of treated water is discharged in 2013.
Furthermore subsequent modeling results showed that selenium would be the contaminant of
concern that will keep the operations from being able to lower the volume of the leach pad to
much below 7.5 MG over time (Table 1).

It is important to note, however, that the RO system is assumed to continue operateing at
historical removal efficiencies for selenium and other contaminants. Because the total dissolved
solids (TDS) is modeled to go up to approximately 14,000 mg/L as the level of the leach pad is
drawn down to 6.5 MG and will hover around 12,000 mg/L when the volume of the pad is
around 7.5 MG (in 2014 and 2015), these higher TDS levels compared to historical values of up
to ~9,300 mg/L could lead to lower removal efficiencies of selenium and other contaminants due
to the associated increase in the ionic strength of the water (Bartels et al., 2005). This is one of
the data gaps in the study, in which it is unknown how well the RO will continue to reject ions at
TDS levels anticipated in the future. The unknown effect of how much the higher TDS levels will
negatively impact the ion rejection in the future is one of the key data gaps in being able to
accurately predict whether treating down to 7.5 MG on a consistent basis in the leach pad is
viable.

Table 1 presents chemical modeling results assuming 16 MG recharge per year into the Beal
Mountain leach pad (major ions, potential scaling components, and contaminants of concern
displayed). Volume of treated water discharged per season was determined iteratively by the
maximum volume discharged above which a discharge standard would be violated based on
calculations.
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Table 1. Predicted Chemical Model Results
June
2013

Influent

October
2013

Influent

October
2013

Effluent

June
2014

Influent

October
2014

Influent

October
2014

Effluent

June
2015

Influent

October
2015

Influent

October
2015

Effluent
Volume
Discharged
(Volume Left in
Leach Pad (MG)) 0 (26.5) 20 (6.5) 20 (6.5) 0 (22.5) 15 (7.5) 15 (7.5) 0 (23.5) 16 (7.5) 16 (7.5)

pH (s.u.) 8.0 8.0 9.0 8.0 8.0 9.0 8.0 8.0 9.0

TDS (mg/L) 5,150 14,050 62 5,550 12,100 53 5,450 12,200 54
Total Alkalinity
(mg/L as CaCO3) 51 179 29 57 161 26 56 165 26

Arsenic (mg/L) 0.175 0.712 0.003 0.206 0.617 0.002 0.197 0.616 0.002

Chloride (mg/L) 324 1,318 6 381 1,141 5 364 1,139 5
Cyanide, Total
(mg/L) 2.4 9.8 0.1 3.0 9.0 0.0 2.9 9.1 0.0
Cyanide, WAD
(mg/L) 0.24 0.95 0.04 0.28 0.82 0.03 0.26 0.80 0.03

Fluoride (mg/L) 0.30 1.09 0.33 0.30 0.80 0.24 0.30 0.83 0.25

Nitrite-N (mg/L) 10.8 43.7 0.8 12.6 37.5 0.7 12.0 37.2 0.7
Nitrate and
Nitrite-N (mg/L) 71 287 7 83 247 6 79 245 6
Phosphorus
(mg/L) 0.05 0.19 0.04 0.05 0.14 0.03 0.05 0.14 0.03

Selenium (mg/L) 0.1320 0.4600 0.0047 0.1600 0.4780 0.0049 0.1500 0.4680 0.0048

Silica (mg/L) 3.7 3.6 0.1 3.7 3.6 0.1 3.7 3.6 0.1

Sulfate (mg/L) 2,782 6,421 4 2,816 5,340 3 2,805 5,451 3

Aluminum (mg/L) 0.028 0.002 0.000 0.030 0.002 0.000 0.030 0.002 0.000
Ammonia-N
(mg/L) 13 50 6 15 43 5 14 42 5

Barium (mg/L) 0.003 0.002 0.002 0.003 0.003 0.003 0.003 0.002 0.002

Calcium (mg/L) 712 740 1 726 796 1 722 785 1

Iron (mg/L) 1 1 0 1 1 0 1 1 0
Magnesium
(mg/L) 15 61 1 18 54 1 17 53 1
Manganese
(mg/L) 0.070 0.280 0.005 0.080 0.240 0.004 0.080 0.250 0.004
Molybdenum
(mg/L) 0.2 0.6 0.0 0.2 0.6 0.0 0.2 0.6 0.0

Potassium (mg/L) 17 68 3 20 58 3 18 55 3

Sodium (mg/L) 939 3,817 27 1,103 3,300 23 1,053 3,291 23

Strontium (mg/L) 3.8 8.3 0.0 3.8 9.1 0.0 3.8 9.0 0.0
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As can be seen from Table 1, modeling for 2014 used the results from assuming treating the
heap leach pad down to 6.5 MG in 2013 and again assumed 16 MG of recharge water. It was
estimated that approximately 15 MG of water can be discharged in 2014, down to a heap leach
pad volume of 7.5 MG. The same was found for 2015.

The results are consistent with the modeling assumptions that the only way for contaminants to
permanently leave the heap leach pad system is through the RO permeate discharge. And
because the two-pass RO system at Beal Mountain has historically rejected ~99% of most ions,
this means that for all practical purposes, recycling the RO reject back to the Beal Mountain
heap leach pad results in simply recycling constituents back into the leach pad water. Under
this scenario, the concentrations of the ions are controlled mostly by the volume of the leach
pad and the associated equilibria of relevant solids precipitating as they become supersaturated
and of deposited solids dissolving as the water becomes undersaturated with respect to
particular constituents, such as gypsum, when fresh recharge water is added to the heap leach
pad over the winter months. In short, results from the chemical modeling analyses conducted
suggest that the major controlling factor in ion concentrations in the Beal Mountain heap leach
pad is the volume of water, and that selenium will likely be the limiting factor in allowing the
leach pad volume to be decreased to below 7 MG over time under current operational practices.

One possible way to address the future potential of exceeding the selenium and other
contaminant concentrations in the RO permeate due to higher TDS in the heap leach pad water
is to conduct bench scale testing to simulate increasing TDS levels. The testing can be done
using a flat sheet membrane RO bench scale testing rig and using simulated waters that can be
made by taking RO reject from the Beal Mountain and diluting it at different blending ratios with
deionized water to simulate various TDS levels. Then the simulated waters can be treated
through the RO bench scale testing rig to see how changes in TDS impact the removal
efficiencies.

Likely Impact of Calcium and Sulfate Buildup on RO Recoveries

Results from the modeling (Table 1) were used to estimate RO recoveries at the extremes of
when the volume in the leach pad would be the lowest and the calcium and sulfate
concentrations would be highest. All results showed theoretical RO recoveries of at least 59%
using Vitec 7000, the antiscalant currently used at Beal Mountain (Figure 1):
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Figure 1. RO recovery projection using data from modeled October 2013 influent where 6.5 MG
of volume would be left in the leach pad (Table 1)

The reason why the projected recovery does not decrease significantly even with increasing
calcium and sulfate levels can be attributed to the fact that at higher TDS concentrations, the
associated higher ionic strength of the water leads to lower activity coefficients for ions and
higher solubilities for gypsum so that the saturation level for gypsum does not go up by much
even as the concentrations of calcium and sulfate increase.

As stated above, though, a data gap is that the modeling work was conducted assuming 140%
saturation levels of gypsum in the leach pad at the beginning of the season, after maximum
recharge, and 180% saturation towards the end of the season. These numbers were based on
historical trends derived from empirical observations of the gypsum saturation levels in the heap
leach pad (Figure 2). The % saturation of gypsum at the various RO influent conditions was
calculated using PHREEQC. Data from the PHREEQC modeling to calculate the historical %
saturation of gypsum in the RO influent are in Appendix D, where PHREEQC was used to
calculate the saturation index SI. From the SI, Excel was used to calculate the % saturation
based on the relationship of SI = log(IAP/Ksp), where IAP stands for ion-activity product and Ksp

stands for solubility product constant.
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Figure 2. Rising influent gypsum % saturation at Beal Mountain RO Water Treatment Facility
(Blue diamond data points correspond to calculated influent gypsum % saturation values at
given dates)

In theory, the saturation level of gypsum in the Beal Mountain leach pad should remain relatively
steady, near 100%. The escalation of the influent gypsum saturation level is consistent with the
fact that antiscalant has been added to the leach pad over time. And it is likely that the
antiscalant concentrations are building up because they are being added faster than they can
be degraded in the heap leach pad. Typically, organic polymer anticalants can be broken down
over time given sufficient exposure to sunlight, heat, or oxidant. It is possible that because of
the high altitude and long winters at Beal Mountain, the lack of exposure to sunlight and the low
temperature of the leach pad water are not conducive to promoting the degradation of the
antiscalants and that increasing antiscalant concentrations can lead to increasing saturation
levels of gypsum and other substances in the water.

If the gypsum saturation levels continue to rise, the increasing calcium and sulfate
concentrations may lead to lower RO recoveries down the road. However, if only 16 MG of
water needs to be removed from the leach pad every year, decreased RO recoveries may not
be a big issue. To discharge 16 MG over 124 days would require approximately 90 gpm of
effluent. With an influent capacity of 305 gpm at the Beal Mountain treatment facility, that would
only require a recovery of 30%. To discharge 20 MG would require 112 gpm treated water or
37% recovery, and to discharge 25 MG would require 140 gpm treated water or 46% recovery.
Although operating the RO treatment facility at such low recoveries would not be efficient, it
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would still likely meet the required discharge water balance without harming the RO membranes
with scaling as long as recharge per year is kept to approximately 25 MG or less.

Besides using historical trending data, such as shown in Figure 2, a better way to predict how

the recycling of the antiscalant would impact calcium sulfate scaling in the future may be to

devise a way to analyze and quantify the concentration of the antiscalant in the heap leach pad

and work with the antiscalant manufacturer to calculate the impact of its increase in

concentration on calcium sulfate solubility and hence gypsum percent saturation in the heap

leach pad.

Additional Treatment Technologies

Because the chemical modeling work shows that the Beal Mountain RO water treatment facility
can likely be operated under existing conditions until the heap leach volume reaches
approximately 7 MG, no additional treatment technologies are proposed.

However, as identified above, one potential data gap is the fact that selenium removal
efficiencies may decrease due to higher influent TDS to a point where the treated water will not
meet the selenium discharge standard of 0.005 mg/L at a lower leach pad volume than 7 MG. If
that is the case, or if the U.S. Forest Service desires to examine additional treatment
technologies that will allow the leach pad to be treated to much lower volumes than 7 MG, then
one possible treatment technology to examine is biological selenium removal of the RO reject
before returning the reject stream to the leach pad. The biological treatment will not only
permanently remove selenium (as solid elemental selenium in the sludge) from the system, it
will also remove ammonia, nitrite, and nitrate.

Another potential issue that has been identified and stated above is the fact that the gypsum
saturation level may continue to rise in the heap leach due to buildup of antiscalant. It is not
likely that the decreasing RO recoveries associated with this phenomenon will have a major
impact on the water balance of the Beal Mountain heap leach pad now that less recharge is
expected per year. If it does become an issue that needs to be addressed, then a potential
additional treatment technology would be to use hydrated lime and/or oxidant treatment of the
RO reject stream to remove or destroy the antiscalant. As the antiscalant is destroyed, the
primarily calcium and sulfate dissolved solids in the RO reject stream can be precipitated using
a solids recycling clarifier so that not only is antiscalant removed and prevented from going into
the leach pad, but gypsum can be removed from the system as precipitated sludge.

Summary

Water quality modeling using historical data from Beal Mountain utilizing the chemical modeling
program PHREEQC was conducted to predict potential rises in major ion and trace metal
concentrations from continued operation of the RO water treatment facility at Beal Mountain
such that the RO reject is recycled back to the heap leach pad. It was found that under the
assumptions used in the modeling, the volume in the heap leach could be treated down to
approximately 7.5 MG without going over any discharge limits, except for ammonia, and that
selenium would be the limiting contaminant of concern under such a scenario. The water



9

quality modeling also indicated minimal decreasing RO recoveries due to increasing calcium
and sulfate concentrations. Another reason why decreasing RO recoveries are not likely to be a
concern is that less water per year will need to be removed in the future now that the heap leach
pad cap has been repaired and less recharge water is expected per year.

Two unknowns were identified that may cause the actual results from future RO water treatment
operations at Beal Mountain to differ significantly from the chemical modeling predictions. One
of these unknowns is how the projected increasing TDS from reducing the volume of the leach
pad will reduce the contaminant rejection efficiencies of the RO membranes. If there are
significant reductions in RO rejection efficiencies as a result of the increasing TDS levels, then
reducing the leach pad volume to near 7.5 MG may not be feasible. The second unknown is
whether and how much the gypsum saturation level will continue to increase in the leach pad as
a result of increasing antiscalant concentrations from recycling RO reject back to the leach pad.
If the gypsum saturation continues to rise, the RO recoveries will decrease, which alone may
not negatively impact the water balance at Beal Mountain. However, if recharge levels become
much higher than 25 MG in the future, then decreases in RO recoveries may negatively impact
the ability to dewater the leach pad at sufficient rates. The reason why increasing gypsum
saturation levels may negatively impact the RO recoveries is because there is an upper limit to
the gypsum saturation level at which antiscalants can protect the RO membranes. The
conservative value cited in many RO text books is that with the use of antiscalants, the gypsum
saturation in the RO reject stream may be able to go up to ~240% saturation without significant
scaling and harming of the membranes (Wilf, 2007). So if the gypsum saturation levels in the
leach pad (i.e. - RO influent stream) continues to rise, the RO recovery that is possible without
going over ~240% gypsum saturation may become lower than the current ~60% recovery.
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Appendix A. Beal Mountain RO Water Treatment Facility Mass Balance Data and Removal
Efficiencies Calculations
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Appendix B. Beal Mountain RO Water Treatment Facility Modeled Results of Discharging
Varying Volumes of Treated Water (Results from both Mass Balance and PHREEQC

Modeling – Raw PHREEQC Data are in Appendix C.)



14



15



16

Appendix C – 1. Beal Mountain RO Water Treatment Facility PHREEQC Modeling Data –
Beginning of Treatment Season, 2013

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 2013 Start of Season
pH 8.9
temp 10
Units mg/L
Alkalinity 51
As 0.175
Cl 325
F 0.3
P 0.05
Se 0.132
Si 5.6
S(6) 2500
Al 0.028
Ba 0.016
Ca 633
Fe 1.05
Mg 15
Mn 0.068
Mo 0.157
K 17
Na 939
Sr 3.8
EQUILIBRIUM_PHASES 1
Barite 0 0
Gypsum 0.15 10 #Assume 141% saturation at beginning of

the season
Calcite 0 0
Celestite 0 0
Ca3(PO4)2(beta) 0 0
Fluorite 0 0
Quartz 0 0
SiO2(am-gel) 0 0
SiO2(am-ppt) 0 0
SrF2 0 0
Strontianite 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 2013 Start of Season

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 1.042e-006 1.042e-006
Alkalinity 8.396e-004 8.396e-004
As 2.346e-006 2.346e-006
Ba 1.170e-007 1.170e-007
Ca 1.587e-002 1.587e-002
Cl 9.208e-003 9.208e-003
F 1.586e-005 1.586e-005
Fe 1.889e-005 1.889e-005
K 4.368e-004 4.368e-004
Mg 6.199e-004 6.199e-004
Mn 1.243e-006 1.243e-006
Mo 1.644e-006 1.644e-006
Na 4.103e-002 4.103e-002
P 1.622e-006 1.622e-006
S(6) 2.614e-002 2.614e-002
Se 1.679e-006 1.679e-006
Si 9.362e-005 9.362e-005
Sr 4.356e-005 4.356e-005

----------------------------Description of solution----------------------------
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pH = 8.900
pe = 4.000

Activity of water = 0.999
Ionic strength = 8.355e-002

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 6.887e-004

Total CO2 (mol/kg) = 6.887e-004
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.219e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 11.17

Iterations = 10
Total H = 1.110147e+002
Total O = 5.561394e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.109e-006 2.423e-006 -5.507 -5.616 -0.108
H+ 1.582e-009 1.259e-009 -8.801 -8.900 -0.099
H2O 5.551e+001 9.985e-001 1.744 -0.001 0.000

Al 1.042e-006
Al(OH)4- 1.010e-006 8.004e-007 -5.996 -6.097 -0.101
Al(OH)3 3.226e-008 3.226e-008 -7.491 -7.491 0.000
Al(OH)2+ 2.522e-010 2.025e-010 -9.598 -9.694 -0.095
AlOH+2 2.764e-014 1.149e-014 -13.558 -13.940 -0.381
AlF2+ 2.360e-015 1.895e-015 -14.627 -14.722 -0.095
AlF+2 1.039e-015 4.319e-016 -14.983 -15.365 -0.381
AlF3 2.820e-016 2.820e-016 -15.550 -15.550 0.000
AlSO4+ 1.601e-016 1.269e-016 -15.796 -15.897 -0.101
Al+3 3.115e-017 3.996e-018 -16.507 -17.398 -0.892
Al(SO4)2- 1.800e-017 1.427e-017 -16.745 -16.846 -0.101
AlF4- 2.127e-018 1.686e-018 -17.672 -17.773 -0.101
AlMo6O21-3 0.000e+000 0.000e+000 -51.593 -52.887 -1.294

As(3) 3.426e-021
H3AsO3 2.603e-021 2.603e-021 -20.585 -20.585 0.000
H2AsO3- 8.220e-022 5.903e-022 -21.085 -21.229 -0.144
HAsO3-2 8.117e-025 2.158e-025 -24.091 -24.666 -0.575
AsO3-3 7.577e-029 3.847e-030 -28.121 -29.415 -1.294
H4AsO3+ 2.261e-030 1.624e-030 -29.646 -29.790 -0.144

As(5) 2.346e-006
HAsO4-2 2.315e-006 6.155e-007 -5.636 -6.211 -0.575
AsO4-3 2.117e-008 1.075e-009 -7.674 -8.969 -1.294
H2AsO4- 1.049e-008 7.535e-009 -7.979 -8.123 -0.144
H3AsO4 1.389e-015 1.416e-015 -14.857 -14.849 0.008

Ba 1.170e-007
Ba+2 1.167e-007 4.684e-008 -6.933 -7.329 -0.396
BaCO3 2.056e-010 2.056e-010 -9.687 -9.687 0.000
BaHCO3+ 1.431e-010 1.159e-010 -9.844 -9.936 -0.092
BaOH+ 5.577e-013 4.453e-013 -12.254 -12.351 -0.098

C(4) 6.887e-004
HCO3- 5.503e-004 4.419e-004 -3.259 -3.355 -0.095
CaCO3 5.411e-005 5.411e-005 -4.267 -4.267 0.000
CO3-2 3.000e-005 1.204e-005 -4.523 -4.919 -0.396
CaHCO3+ 2.646e-005 2.141e-005 -4.577 -4.669 -0.092
NaCO3- 1.356e-005 1.089e-005 -4.868 -4.963 -0.095
NaHCO3 1.047e-005 1.047e-005 -4.980 -4.980 0.000
H2CO3 1.522e-006 1.522e-006 -5.818 -5.818 0.000
MgCO3 1.298e-006 1.298e-006 -5.887 -5.887 0.000
MgHCO3+ 8.841e-007 6.951e-007 -6.054 -6.158 -0.104
SrHCO3+ 6.025e-008 4.876e-008 -7.220 -7.312 -0.092
SrCO3 5.888e-008 5.888e-008 -7.230 -7.230 0.000
MnHCO3+ 2.578e-009 2.058e-009 -8.589 -8.686 -0.098
BaCO3 2.056e-010 2.056e-010 -9.687 -9.687 0.000
BaHCO3+ 1.431e-010 1.159e-010 -9.844 -9.936 -0.092
FeHCO3+ 1.570e-012 1.271e-012 -11.804 -11.896 -0.092

Ca 1.587e-002
Ca+2 9.940e-003 3.990e-003 -2.003 -2.399 -0.396
CaSO4 5.843e-003 5.843e-003 -2.233 -2.233 0.000
CaCO3 5.411e-005 5.411e-005 -4.267 -4.267 0.000
CaHCO3+ 2.646e-005 2.141e-005 -4.577 -4.669 -0.092
CaPO4- 6.148e-007 4.937e-007 -6.211 -6.307 -0.095
CaF+ 4.823e-007 3.851e-007 -6.317 -6.414 -0.098
CaHPO4 3.286e-007 3.286e-007 -6.483 -6.483 0.000
CaOH+ 1.996e-007 1.616e-007 -6.700 -6.792 -0.092
CaH2PO4+ 4.244e-010 3.408e-010 -9.372 -9.468 -0.095

Cl 9.208e-003
Cl- 9.208e-003 7.330e-003 -2.036 -2.135 -0.099
MnCl+ 2.939e-009 2.347e-009 -8.532 -8.630 -0.098
MnCl2 2.430e-011 2.430e-011 -10.614 -10.614 0.000
MnCl3- 6.143e-014 4.905e-014 -13.212 -13.309 -0.098
FeCl+2 3.879e-020 1.577e-020 -19.411 -19.802 -0.391
FeCl2+ 1.057e-021 8.439e-022 -20.976 -21.074 -0.098
FeCl3 6.185e-025 6.185e-025 -24.209 -24.209 0.000

F 1.586e-005
F- 1.498e-005 1.193e-005 -4.824 -4.924 -0.099
CaF+ 4.823e-007 3.851e-007 -6.317 -6.414 -0.098
MgF+ 2.141e-007 1.697e-007 -6.669 -6.770 -0.101
NaF 1.829e-007 1.829e-007 -6.738 -6.738 0.000
SrF+ 4.837e-010 3.474e-010 -9.315 -9.459 -0.144
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MnF+ 1.195e-010 9.544e-011 -9.922 -10.020 -0.098
HF 1.671e-011 1.671e-011 -10.777 -10.777 0.000
AlF2+ 2.360e-015 1.895e-015 -14.627 -14.722 -0.095
AlF+2 1.039e-015 4.319e-016 -14.983 -15.365 -0.381
HF2- 8.905e-016 6.942e-016 -15.050 -15.159 -0.108
AlF3 2.820e-016 2.820e-016 -15.550 -15.550 0.000
FeF+2 3.025e-018 1.230e-018 -17.519 -17.910 -0.391
AlF4- 2.127e-018 1.686e-018 -17.672 -17.773 -0.101
FeF2+ 4.232e-019 3.379e-019 -18.373 -18.471 -0.098
FeF3 4.399e-021 4.399e-021 -20.357 -20.357 0.000
H2F2 1.321e-021 1.321e-021 -20.879 -20.879 0.000
SiF6-2 1.007e-038 4.092e-039 -37.997 -38.388 -0.391

Fe(2) 1.694e-009
Fe+2 1.174e-009 3.122e-010 -8.930 -9.506 -0.575
FeSO4 4.805e-010 4.805e-010 -9.318 -9.318 0.000
FeOH+ 3.772e-011 3.011e-011 -10.423 -10.521 -0.098
FeHCO3+ 1.570e-012 1.271e-012 -11.804 -11.896 -0.092
FeHPO4 2.100e-013 2.100e-013 -12.678 -12.678 0.000
Fe(OH)3- 1.336e-013 1.067e-013 -12.874 -12.972 -0.098
Fe(OH)2 4.886e-014 4.886e-014 -13.311 -13.311 0.000
FeH2PO4+ 6.539e-016 5.250e-016 -15.185 -15.280 -0.095

Fe(3) 1.888e-005
Fe(OH)4- 1.482e-005 1.190e-005 -4.829 -4.924 -0.095
Fe(OH)2+ 2.323e-006 1.866e-006 -5.634 -5.729 -0.095
Fe(OH)3 1.741e-006 1.741e-006 -5.759 -5.759 0.000
FeOH+2 6.046e-013 2.457e-013 -12.219 -12.610 -0.391
FeHPO4+ 3.887e-016 3.121e-016 -15.410 -15.506 -0.095
FeSO4+ 7.135e-018 5.697e-018 -17.147 -17.244 -0.098
FeF+2 3.025e-018 1.230e-018 -17.519 -17.910 -0.391
Fe(SO4)2- 1.428e-018 1.026e-018 -17.845 -17.989 -0.144
Fe+3 9.077e-019 1.164e-019 -18.042 -18.934 -0.892
FeF2+ 4.232e-019 3.379e-019 -18.373 -18.471 -0.098
FeCl+2 3.879e-020 1.577e-020 -19.411 -19.802 -0.391
FeF3 4.399e-021 4.399e-021 -20.357 -20.357 0.000
FeCl2+ 1.057e-021 8.439e-022 -20.976 -21.074 -0.098
Fe2(OH)2+4 6.970e-022 3.485e-024 -21.157 -23.458 -2.301
FeHSeO3+2 9.431e-023 2.508e-023 -22.025 -22.601 -0.575
FeH2PO4+2 1.785e-023 7.420e-024 -22.748 -23.130 -0.381
FeCl3 6.185e-025 6.185e-025 -24.209 -24.209 0.000
Fe3(OH)4+5 3.145e-025 7.984e-029 -24.502 -28.098 -3.595

H(0) 2.576e-029
H2 1.288e-029 1.313e-029 -28.890 -28.882 0.008

K 4.368e-004
K+ 4.168e-004 3.318e-004 -3.380 -3.479 -0.099
KSO4- 1.994e-005 1.601e-005 -4.700 -4.796 -0.095
KHPO4- 5.296e-010 4.253e-010 -9.276 -9.371 -0.095

Mg 6.199e-004
Mg+2 4.171e-004 1.674e-004 -3.380 -3.776 -0.396
MgSO4 2.003e-004 2.003e-004 -3.698 -3.698 0.000
MgCO3 1.298e-006 1.298e-006 -5.887 -5.887 0.000
MgHCO3+ 8.841e-007 6.951e-007 -6.054 -6.158 -0.104
MgF+ 2.141e-007 1.697e-007 -6.669 -6.770 -0.101
MgOH+ 1.535e-007 1.250e-007 -6.814 -6.903 -0.089
MgHPO4 1.903e-008 1.903e-008 -7.720 -7.720 0.000
MgPO4- 4.033e-010 3.238e-010 -9.394 -9.490 -0.095
MgH2PO4+ 3.729e-011 2.994e-011 -10.428 -10.524 -0.095

Mn(2) 1.243e-006
Mn+2 9.564e-007 2.543e-007 -6.019 -6.595 -0.575
MnSO4 2.794e-007 2.794e-007 -6.554 -6.554 0.000
MnCl+ 2.939e-009 2.347e-009 -8.532 -8.630 -0.098
MnHCO3+ 2.578e-009 2.058e-009 -8.589 -8.686 -0.098
MnOH+ 1.939e-009 1.548e-009 -8.712 -8.810 -0.098
MnF+ 1.195e-010 9.544e-011 -9.922 -10.020 -0.098
MnCl2 2.430e-011 2.430e-011 -10.614 -10.614 0.000
MnCl3- 6.143e-014 4.905e-014 -13.212 -13.309 -0.098
Mn(OH)3- 2.519e-015 2.011e-015 -14.599 -14.697 -0.098
MnSeO4 2.359e-015 2.359e-015 -14.627 -14.627 0.000
Mn(OH)4-2 1.276e-019 5.186e-020 -18.894 -19.285 -0.391
MnSe 0.000e+000 0.000e+000 -42.475 -42.475 0.000

Mn(3) 8.847e-029
Mn+3 8.847e-029 1.135e-029 -28.053 -28.945 -0.892

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -44.027 -44.418 -0.391

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -50.714 -50.826 -0.112

Mo 1.644e-006
MoO4-2 1.644e-006 6.599e-007 -5.784 -6.181 -0.396
HMoO4- 1.501e-011 1.078e-011 -10.824 -10.967 -0.144
H2MoO4 2.657e-016 2.657e-016 -15.576 -15.576 0.000
AlMo6O21-3 0.000e+000 0.000e+000 -51.593 -52.887 -1.294
Mo7O24-6 0.000e+000 0.000e+000 -54.178 -59.355 -5.177
HMo7O24-5 0.000e+000 0.000e+000 -58.366 -61.961 -3.595
H2Mo7O24-4 0.000e+000 0.000e+000 -63.806 -66.107 -2.301
H3Mo7O24-3 0.000e+000 0.000e+000 -70.448 -71.742 -1.294

Na 4.103e-002
Na+ 3.947e-002 3.142e-002 -1.404 -1.503 -0.099
NaSO4- 1.530e-003 1.229e-003 -2.815 -2.911 -0.095
NaCO3- 1.356e-005 1.089e-005 -4.868 -4.963 -0.095
NaHCO3 1.047e-005 1.047e-005 -4.980 -4.980 0.000
NaF 1.829e-007 1.829e-007 -6.738 -6.738 0.000
NaHPO4- 7.768e-008 6.238e-008 -7.110 -7.205 -0.095
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O(0) 2.706e-039
O2 1.353e-039 1.379e-039 -38.869 -38.860 0.008

P 1.622e-006
CaPO4- 6.148e-007 4.937e-007 -6.211 -6.307 -0.095
HPO4-2 5.728e-007 2.328e-007 -6.242 -6.633 -0.391
CaHPO4 3.286e-007 3.286e-007 -6.483 -6.483 0.000
NaHPO4- 7.768e-008 6.238e-008 -7.110 -7.205 -0.095
MgHPO4 1.903e-008 1.903e-008 -7.720 -7.720 0.000
H2PO4- 6.140e-009 4.930e-009 -8.212 -8.307 -0.095
SrHPO4 6.172e-010 6.172e-010 -9.210 -9.210 0.000
KHPO4- 5.296e-010 4.253e-010 -9.276 -9.371 -0.095
PO4-3 4.412e-010 5.660e-011 -9.355 -10.247 -0.892
CaH2PO4+ 4.244e-010 3.408e-010 -9.372 -9.468 -0.095
MgPO4- 4.033e-010 3.238e-010 -9.394 -9.490 -0.095
MgH2PO4+ 3.729e-011 2.994e-011 -10.428 -10.524 -0.095
SrH2PO4+ 3.659e-013 2.627e-013 -12.437 -12.580 -0.144
FeHPO4 2.100e-013 2.100e-013 -12.678 -12.678 0.000
H3PO4 7.371e-016 7.371e-016 -15.132 -15.132 0.000
FeH2PO4+ 6.539e-016 5.250e-016 -15.185 -15.280 -0.095
FeHPO4+ 3.887e-016 3.121e-016 -15.410 -15.506 -0.095
FeH2PO4+2 1.785e-023 7.420e-024 -22.748 -23.130 -0.381

S(6) 2.614e-002
SO4-2 1.853e-002 7.440e-003 -1.732 -2.128 -0.396
CaSO4 5.843e-003 5.843e-003 -2.233 -2.233 0.000
NaSO4- 1.530e-003 1.229e-003 -2.815 -2.911 -0.095
MgSO4 2.003e-004 2.003e-004 -3.698 -3.698 0.000
KSO4- 1.994e-005 1.601e-005 -4.700 -4.796 -0.095
SrSO4 1.452e-005 1.452e-005 -4.838 -4.838 0.000
MnSO4 2.794e-007 2.794e-007 -6.554 -6.554 0.000
HSO4- 7.217e-010 5.720e-010 -9.142 -9.243 -0.101
FeSO4 4.805e-010 4.805e-010 -9.318 -9.318 0.000
AlSO4+ 1.601e-016 1.269e-016 -15.796 -15.897 -0.101
Al(SO4)2- 1.800e-017 1.427e-017 -16.745 -16.846 -0.101
FeSO4+ 7.135e-018 5.697e-018 -17.147 -17.244 -0.098
Fe(SO4)2- 1.428e-018 1.026e-018 -17.845 -17.989 -0.144

Se(-2) 5.610e-040
HSe- 5.610e-040 4.028e-040 -39.251 -39.395 -0.144
MnSe 0.000e+000 0.000e+000 -42.475 -42.475 0.000
H2Se 0.000e+000 0.000e+000 -44.436 -44.436 0.000
Se-2 0.000e+000 0.000e+000 -45.366 -45.941 -0.575

Se(4) 1.679e-006
SeO3-2 1.486e-006 3.950e-007 -5.828 -6.403 -0.575
HSeO3- 1.936e-007 1.391e-007 -6.713 -6.857 -0.144
H2SeO3 6.541e-014 6.541e-014 -13.184 -13.184 0.000
FeHSeO3+2 9.431e-023 2.508e-023 -22.025 -22.601 -0.575

Se(6) 1.158e-010
SeO4-2 1.158e-010 4.648e-011 -9.936 -10.333 -0.396
MnSeO4 2.359e-015 2.359e-015 -14.627 -14.627 0.000
HSeO4- 2.498e-018 1.794e-018 -17.602 -17.746 -0.144

Si 9.362e-005
H4SiO4 8.534e-005 8.699e-005 -4.069 -4.061 0.008
H3SiO4- 8.286e-006 6.514e-006 -5.082 -5.186 -0.104
H2SiO4-2 3.271e-010 1.359e-010 -9.485 -9.867 -0.381
SiF6-2 1.007e-038 4.092e-039 -37.997 -38.388 -0.391

Sr 4.356e-005
Sr+2 2.892e-005 1.161e-005 -4.539 -4.935 -0.396
SrSO4 1.452e-005 1.452e-005 -4.838 -4.838 0.000
SrHCO3+ 6.025e-008 4.876e-008 -7.220 -7.312 -0.092
SrCO3 5.888e-008 5.888e-008 -7.230 -7.230 0.000
SrHPO4 6.172e-010 6.172e-010 -9.210 -9.210 0.000
SrF+ 4.837e-010 3.474e-010 -9.315 -9.459 -0.144
SrOH+ 2.092e-010 1.670e-010 -9.679 -9.777 -0.098
SrH2PO4+ 3.659e-013 2.627e-013 -12.437 -12.580 -0.144

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.53 9.30 11.83 Al(OH)3
Al2(MoO4)3 -58.13 -53.34 4.79 Al2(MoO4)3
Al2O3 -3.45 18.60 22.05 Al2O3
Al4(OH)10SO4 -5.43 17.27 22.70 Al4(OH)10SO4
AlAsO4:2H2O -10.35 -5.55 4.80 AlAsO4:2H2O
AlOHSO4 -7.40 -10.63 -3.23 AlOHSO4
Alunite -7.08 -6.53 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.23 -4.53 -4.29 CaSO4
Aragonite 0.87 -7.32 -8.19 CaCO3
Arsenolite -79.02 -82.33 -3.32 As4O6
Artinite -5.39 5.33 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -36.61 -29.70 6.92 As2O5
Ba(OH)2:8H2O -14.43 10.46 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 10.73 1.71 -9.01 Ba3(AsO4)2
BaF2 -11.32 -17.18 -5.86 BaF2
BaHPO4 -6.70 -26.48 -19.77 BaHPO4
BaMoO4 -6.45 -13.51 -7.06 BaMoO4
Barite 0.74 -9.46 -10.19 BaSO4
BaSeO3 -7.00 -5.29 1.72 BaSeO3
BaSeO4 -10.00 -17.66 -7.66 BaSeO4
Birnessite -7.44 10.65 18.09 MnO2
Bixbyite -5.00 -4.49 0.51 Mn2O3
Boehmite -0.37 9.30 9.67 AlOOH
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Brucite -3.88 14.02 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -5.80 16.50 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) 1.73 -27.69 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -2.16 -49.24 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.98 -21.55 -19.56 CaHPO4
CaHPO4:2H2O -2.34 -21.55 -19.21 CaHPO4:2H2O
Calcite 1.09 -7.32 -8.41 CaCO3
CaMoO4 -0.65 -8.58 -7.93 CaMoO4
CaSeO3:2H2O -3.35 -0.36 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.79 -12.73 -2.94 CaSeO4:2H2O
Celestite -0.43 -7.06 -6.64 SrSO4
CH4(g) -82.49 -125.92 -43.43 CH4
Chalcedony -0.33 -4.06 -3.73 SiO2
Chrysotile -0.07 33.95 34.02 Mg3Si2O5(OH)4
Claudetite -78.75 -82.33 -3.58 As4O6
CO2(g) -4.53 -22.72 -18.18 CO2
Cristobalite -0.52 -4.06 -3.54 SiO2
Cryolite -17.26 -51.45 -34.19 Na3AlF6
Diaspore 1.47 9.30 7.83 AlOOH
Dolomite(disordered) 0.10 -16.01 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.71 -16.01 -16.72 CaMg(CO3)2
Epsomite -3.68 -5.91 -2.23 MgSO4:7H2O
FCO3Apatite 25.20 -90.73 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -5.27 8.29 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 7.49 4.45 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -1.78 -0.23 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -11.11 -31.74 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -42.77 -44.25 -1.49 Fe2(SO4)3
Fe3(OH)8 3.60 23.82 20.22 Fe3(OH)8
FeAsO4:2H2O -7.48 -7.08 0.40 FeAsO4:2H2O
FeMoO4 -5.70 -15.69 -9.99 FeMoO4
Ferrihydrite 3.89 7.76 3.87 Fe(OH)3
Ferroselite -43.46 -62.50 -19.03 FeSe2
FeSe -28.98 -40.00 -11.02 FeSe
Fluorite -1.67 -12.25 -10.57 CaF2
Gibbsite 0.12 9.30 9.18 Al(OH)3
Goethite 6.71 7.76 1.05 FeOOH
Greenalite -4.05 16.76 20.81 Fe3Si2O5(OH)4
Gypsum 0.09 -4.53 -4.62 CaSO4:2H2O
H-Jarosite -6.60 -16.56 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -10.65 -23.98 -13.33 H2MoO4
H2Se(g) -43.48 -48.29 -4.82 H2Se
Halite -5.21 -3.64 1.57 NaCl
Halloysite -0.78 10.48 11.26 Al2Si2O5(OH)4
Hausmannite -5.52 59.41 64.94 Mn3O4
Hematite 15.75 15.53 -0.22 Fe2O3
Hercynite 1.09 26.90 25.81 FeAl2O4
Huntite -4.44 -33.40 -28.97 CaMg3(CO3)4
Hydromagnesite -14.02 -20.76 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 10.50 -33.84 -44.33 Ca5(PO4)3OH
K-Alum -19.69 -25.14 -5.45 KAl(SO4)2:12H2O
K-Jarosite 2.44 -11.14 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -16.43 -13.14 3.29 K2MoO4
K2SeO4 -16.56 -17.29 -0.73 K2SeO4
Kaolinite 1.67 10.48 8.81 Al2Si2O5(OH)4
Lepidocrocite 6.39 7.76 1.37 FeOOH
Lime -19.10 15.40 34.50 CaO
Maghemite 9.14 15.53 6.39 Fe2O3
Magnesioferrite 10.11 29.55 19.45 Fe2MgO4
Magnesite -1.05 -8.70 -7.65 MgCO3
Magnetite 18.49 23.82 5.34 Fe3O4
Manganite -1.24 24.10 25.34 MnOOH
Melanterite -9.24 -11.64 -2.40 FeSO4:7H2O
Mg(OH)2(active) -4.77 14.02 18.79 Mg(OH)2
Mg3(PO4)2 -8.54 -31.82 -23.28 Mg3(PO4)2
MgF2 -5.57 -13.62 -8.06 MgF2
MgHPO4:3H2O -4.75 -22.93 -18.18 MgHPO4:3H2O
MgMoO4 -8.11 -9.96 -1.85 MgMoO4
MgSeO3:6H2O -4.74 -1.74 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.91 -14.11 -1.20 MgSeO4:6H2O
Mirabilite -3.29 -5.14 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -60.08 -64.28 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -8.59 3.91 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -16.37 -40.28 -23.91 Mn3(PO4)2
MnCl2:4H2O -13.68 -10.87 2.82 MnCl2:4H2O
MnHPO4 -0.34 -25.74 -25.40 MnHPO4
MnSe -41.50 -37.09 4.41 MnSe
MnSeO3 -5.68 -4.55 1.13 MnSeO3
MnSeO3:2H2O -5.46 -4.55 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.88 -16.93 -2.05 MnSeO4:5H2O
MnSO4 -11.91 -8.72 3.18 MnSO4
MoO3 -15.98 -23.98 -8.00 MoO3
Na-Jarosite 0.63 -9.17 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -16.05 -33.17 -17.12 Na2Mo2O7
Na2MoO4 -10.77 -9.19 1.58 Na2MoO4
Na2MoO4:2H2O -10.41 -9.19 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -11.27 -0.97 10.30 Na2SeO3:5H2O
Na2SeO4 -14.62 -13.34 1.28 Na2SeO4
Natron -6.01 -7.93 -1.92 Na2CO3:10H2O
Nesquehonite -4.25 -8.70 -4.45 MgCO3:3H2O
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Nsutite -6.85 10.65 17.50 MnO2
O2(g) -36.80 51.60 88.39 O2
Periclase -8.96 14.02 22.99 MgO
Portlandite -8.60 15.40 24.00 Ca(OH)2
Pyrochroite -4.89 11.20 16.09 Mn(OH)2
Pyrolusite -6.90 37.00 43.90 MnO2
Quartz 0.15 -4.06 -4.21 SiO2
Rhodochrosite -0.95 -11.51 -10.56 MnCO3
Semetal(am) -15.28 -22.49 -7.21 Se
Semetal(hex -14.64 -22.49 -7.86 Se
SeO2 -15.87 -15.76 0.11 SeO2
SeO3 -50.53 -28.13 22.40 SeO3
Sepiolite -0.95 15.87 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -2.91 15.87 18.78 Mg2Si3O7.5OH:3H2O
Siderite -4.33 -14.42 -10.09 FeCO3
SiO2(am-gel) -1.22 -4.06 -2.84 SiO2
SiO2(am-ppt) -1.18 -4.06 -2.88 SiO2
Spinel -7.82 32.62 40.45 MgAl2O4
SrF2 -6.17 -14.78 -8.62 SrF2
SrHPO4 -4.79 -24.08 -19.30 SrHPO4
SrSeO3 -5.19 -2.89 2.30 SrSeO3
SrSeO4 -10.86 -15.27 -4.40 SrSeO4
Strengite -2.87 -29.18 -26.31 FePO4:2H2O
Strontianite -0.58 -9.85 -9.27 SrCO3
Thenardite -5.54 -5.13 0.41 Na2SO4
Thermonatrite -8.66 -7.93 0.73 Na2CO3:H2O
Vivianite -13.02 -49.02 -36.00 Fe3(PO4)2:8H2O
Witherite -3.64 -12.25 -8.61 BaCO3

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 2013 Start of Season
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Barite -0.00 -10.19 -10.19 0.000e+000 9.620e-008 9.620e-008
Ca3(PO4)2(beta) -0.01 -29.43 -29.42 0.000e+000 0 0.000e+000
Calcite 0.00 -8.41 -8.41 0.000e+000 1.469e-004 1.469e-004
Celestite -0.42 -7.05 -6.64 0.000e+000 0 0.000e+000
Fluorite -1.64 -12.21 -10.57 0.000e+000 0 0.000e+000
Gypsum 0.15 -4.47 -4.62 1.000e+001 9.998e+000 -2.072e-003
Quartz 0.00 -4.21 -4.21 0.000e+000 3.253e-005 3.253e-005
SiO2(am-gel) -1.37 -4.21 -2.84 0.000e+000 0 0.000e+000
SiO2(am-ppt) -1.33 -4.21 -2.88 0.000e+000 0 0.000e+000
SrF2 -6.18 -14.80 -8.62 0.000e+000 0 0.000e+000
Strontianite -1.72 -10.99 -9.27 0.000e+000 0 0.000e+000

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 1.042e-006 1.042e-006
As 2.346e-006 2.346e-006
Ba 2.083e-008 2.083e-008
C 5.418e-004 5.418e-004
Ca 1.779e-002 1.779e-002
Cl 9.208e-003 9.208e-003
F 1.586e-005 1.586e-005
Fe 1.888e-005 1.889e-005
K 4.367e-004 4.368e-004
Mg 6.199e-004 6.199e-004
Mn 1.243e-006 1.243e-006
Mo 1.644e-006 1.644e-006
Na 4.103e-002 4.103e-002
P 1.621e-006 1.622e-006
S 2.821e-002 2.821e-002
Se 1.679e-006 1.679e-006
Si 6.109e-005 6.109e-005
Sr 4.356e-005 4.356e-005

----------------------------Description of solution----------------------------

pH = 7.831 Charge balance
pe = 6.105 Adjusted to redox

equilibrium
Activity of water = 0.998

Ionic strength = 8.796e-002
Mass of water (kg) = 1.000e+000

Total alkalinity (eq/kg) = 5.458e-004
Total CO2 (mol/kg) = 5.418e-004

Temperature (deg C) = 10.000
Electrical balance (eq) = 1.219e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 10.74
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Iterations = 9
Total H = 1.110230e+002
Total O = 5.562587e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 2.663e-007 2.066e-007 -6.575 -6.685 -0.110
H+ 1.862e-008 1.476e-008 -7.730 -7.831 -0.101
H2O 5.551e+001 9.985e-001 1.744 -0.001 0.000

Al 1.042e-006
Al(OH)4- 7.405e-007 5.844e-007 -6.130 -6.233 -0.103
Al(OH)3 2.763e-007 2.763e-007 -6.559 -6.559 0.000
Al(OH)2+ 2.542e-008 2.034e-008 -7.595 -7.692 -0.097
AlOH+2 3.305e-011 1.353e-011 -10.481 -10.869 -0.388
AlF2+ 3.232e-011 2.585e-011 -10.491 -10.588 -0.097
AlF+2 1.448e-011 5.930e-012 -10.839 -11.227 -0.388
AlF3 3.824e-012 3.824e-012 -11.417 -11.417 0.000
AlSO4+ 2.323e-012 1.833e-012 -11.634 -11.737 -0.103
Al+3 4.448e-013 5.521e-014 -12.352 -13.258 -0.906
Al(SO4)2- 2.733e-013 2.157e-013 -12.563 -12.666 -0.103
AlF4- 2.878e-014 2.271e-014 -13.541 -13.644 -0.103
AlMo6O21-3 0.000e+000 0.000e+000 -41.042 -42.370 -1.328

As(3) 2.903e-021
H3AsO3 2.826e-021 2.826e-021 -20.549 -20.549 0.000
H2AsO3- 7.675e-023 5.464e-023 -22.115 -22.262 -0.148
HAsO3-2 6.631e-027 1.704e-027 -26.178 -26.769 -0.590
H4AsO3+ 2.903e-029 2.067e-029 -28.537 -28.685 -0.148
AsO3-3 5.511e-032 2.589e-033 -31.259 -32.587 -1.328

As(5) 2.346e-006
HAsO4-2 2.229e-006 5.726e-007 -5.652 -6.242 -0.590
H2AsO4- 1.155e-007 8.221e-008 -6.938 -7.085 -0.148
AsO4-3 1.815e-009 8.528e-011 -8.741 -10.069 -1.328
H3AsO4 1.776e-013 1.812e-013 -12.751 -12.742 0.009

Ba 2.083e-008
Ba+2 2.080e-008 8.231e-009 -7.682 -8.085 -0.403
BaHCO3+ 2.207e-011 1.780e-011 -10.656 -10.750 -0.093
BaCO3 2.693e-012 2.693e-012 -11.570 -11.570 0.000
BaOH+ 8.388e-015 6.671e-015 -14.076 -14.176 -0.099

C(4) 5.418e-004
HCO3- 4.830e-004 3.864e-004 -3.316 -3.413 -0.097
CaHCO3+ 2.545e-005 2.053e-005 -4.594 -4.688 -0.093
H2CO3 1.560e-005 1.560e-005 -4.807 -4.807 0.000
NaHCO3 9.109e-006 9.109e-006 -5.041 -5.041 0.000
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CO3-2 2.270e-006 8.981e-007 -5.644 -6.047 -0.403
NaCO3- 1.010e-006 8.075e-007 -5.996 -6.093 -0.097
MgHCO3+ 7.595e-007 5.944e-007 -6.119 -6.226 -0.106
MgCO3 9.466e-008 9.466e-008 -7.024 -7.024 0.000
SrHCO3+ 5.164e-008 4.165e-008 -7.287 -7.380 -0.093
SrCO3 4.289e-009 4.289e-009 -8.368 -8.368 0.000
MnHCO3+ 2.185e-009 1.738e-009 -8.661 -8.760 -0.099
BaHCO3+ 2.207e-011 1.780e-011 -10.656 -10.750 -0.093
FeHCO3+ 1.085e-011 8.753e-012 -10.964 -11.058 -0.093
BaCO3 2.693e-012 2.693e-012 -11.570 -11.570 0.000

Ca 1.779e-002
Ca+2 1.106e-002 4.375e-003 -1.956 -2.359 -0.403
CaSO4 6.701e-003 6.701e-003 -2.174 -2.174 0.000
CaHCO3+ 2.545e-005 2.053e-005 -4.594 -4.688 -0.093
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CaF+ 5.275e-007 4.195e-007 -6.278 -6.377 -0.099
CaHPO4 4.969e-007 4.969e-007 -6.304 -6.304 0.000
CaPO4- 7.958e-008 6.366e-008 -7.099 -7.196 -0.097
CaOH+ 1.873e-008 1.510e-008 -7.728 -7.821 -0.093
CaH2PO4+ 7.556e-009 6.044e-009 -8.122 -8.219 -0.097

Cl 9.208e-003
Cl- 9.208e-003 7.303e-003 -2.036 -2.137 -0.101
MnCl+ 2.838e-009 2.257e-009 -8.547 -8.646 -0.099
MnCl2 2.328e-011 2.328e-011 -10.633 -10.633 0.000
MnCl3- 5.889e-014 4.683e-014 -13.230 -13.329 -0.099
FeCl+2 3.937e-017 1.575e-017 -16.405 -16.803 -0.398
FeCl2+ 1.056e-018 8.399e-019 -17.976 -18.076 -0.099
FeCl3 6.133e-022 6.133e-022 -21.212 -21.212 0.000

F 1.586e-005
F- 1.494e-005 1.185e-005 -4.826 -4.926 -0.101
CaF+ 5.275e-007 4.195e-007 -6.278 -6.377 -0.099
MgF+ 2.090e-007 1.649e-007 -6.680 -6.783 -0.103
NaF 1.809e-007 1.809e-007 -6.743 -6.743 0.000
SrF+ 4.736e-010 3.372e-010 -9.325 -9.472 -0.148
HF 1.948e-010 1.948e-010 -9.710 -9.710 0.000
MnF+ 1.151e-010 9.158e-011 -9.939 -10.038 -0.099
AlF2+ 3.232e-011 2.585e-011 -10.491 -10.588 -0.097
AlF+2 1.448e-011 5.930e-012 -10.839 -11.227 -0.388
AlF3 3.824e-012 3.824e-012 -11.417 -11.417 0.000
AlF4- 2.878e-014 2.271e-014 -13.541 -13.644 -0.103
HF2- 1.036e-014 8.040e-015 -13.985 -14.095 -0.110
FeF+2 3.063e-015 1.225e-015 -14.514 -14.912 -0.398
FeF2+ 4.207e-016 3.346e-016 -15.376 -15.475 -0.099
FeF3 4.329e-018 4.329e-018 -17.364 -17.364 0.000
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H2F2 1.794e-019 1.794e-019 -18.746 -18.746 0.000
SiF6-2 1.325e-034 5.300e-035 -33.878 -34.276 -0.398

Fe(2) 1.357e-008
Fe+2 9.569e-009 2.458e-009 -8.019 -8.609 -0.590
FeSO4 3.958e-009 3.958e-009 -8.402 -8.402 0.000
FeOH+ 2.543e-011 2.022e-011 -10.595 -10.694 -0.099
FeHCO3+ 1.085e-011 8.753e-012 -10.964 -11.058 -0.093
FeHPO4 2.281e-012 2.281e-012 -11.642 -11.642 0.000
FeH2PO4+ 8.362e-014 6.689e-014 -13.078 -13.175 -0.097
Fe(OH)2 2.797e-015 2.797e-015 -14.553 -14.553 0.000
Fe(OH)3- 6.548e-016 5.208e-016 -15.184 -15.283 -0.099
Fe(HS)2 0.000e+000 0.000e+000 -174.068 -174.068 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -259.088 -259.236 -0.148

Fe(3) 1.887e-005
Fe(OH)2+ 1.700e-005 1.360e-005 -4.770 -4.866 -0.097
Fe(OH)3 1.082e-006 1.082e-006 -5.966 -5.966 0.000
Fe(OH)4- 7.883e-007 6.306e-007 -6.103 -6.200 -0.097
FeOH+2 5.251e-011 2.101e-011 -10.280 -10.678 -0.398
FeHPO4+ 5.397e-013 4.318e-013 -12.268 -12.365 -0.097
FeSO4+ 7.513e-015 5.975e-015 -14.124 -14.224 -0.099
FeF+2 3.063e-015 1.225e-015 -14.514 -14.912 -0.398
Fe(SO4)2- 1.581e-015 1.125e-015 -14.801 -14.949 -0.148
Fe+3 9.405e-016 1.168e-016 -15.027 -15.933 -0.906
FeF2+ 4.207e-016 3.346e-016 -15.376 -15.475 -0.099
FeCl+2 3.937e-017 1.575e-017 -16.405 -16.803 -0.398
Fe2(OH)2+4 5.848e-018 2.547e-020 -17.233 -19.594 -2.361
FeF3 4.329e-018 4.329e-018 -17.364 -17.364 0.000
FeCl2+ 1.056e-018 8.399e-019 -17.976 -18.076 -0.099
FeHSeO3+2 5.017e-019 1.289e-019 -18.300 -18.890 -0.590
FeH2PO4+2 2.939e-019 1.204e-019 -18.532 -18.920 -0.388
Fe3(OH)4+5 2.079e-020 4.255e-024 -19.682 -23.371 -3.689
FeCl3 6.133e-022 6.133e-022 -21.212 -21.212 0.000

H(0) 2.183e-031
H2 1.092e-031 1.114e-031 -30.962 -30.953 0.009

K 4.367e-004
K+ 4.159e-004 3.299e-004 -3.381 -3.482 -0.101
KSO4- 2.081e-005 1.665e-005 -4.682 -4.779 -0.097
KHPO4- 7.291e-010 5.832e-010 -9.137 -9.234 -0.097

Mg 6.199e-004
Mg+2 4.139e-004 1.638e-004 -3.383 -3.786 -0.403
MgSO4 2.049e-004 2.049e-004 -3.689 -3.689 0.000
MgHCO3+ 7.595e-007 5.944e-007 -6.119 -6.226 -0.106
MgF+ 2.090e-007 1.649e-007 -6.680 -6.783 -0.103
MgCO3 9.466e-008 9.466e-008 -7.024 -7.024 0.000
MgHPO4 2.568e-008 2.568e-008 -7.590 -7.590 0.000
MgOH+ 1.284e-008 1.042e-008 -7.891 -7.982 -0.091
MgH2PO4+ 5.922e-010 4.737e-010 -9.228 -9.324 -0.097
MgPO4- 4.656e-011 3.725e-011 -10.332 -10.429 -0.097

Mn(2) 1.243e-006
Mn+2 9.558e-007 2.455e-007 -6.020 -6.610 -0.590
MnSO4 2.822e-007 2.822e-007 -6.550 -6.550 0.000
MnCl+ 2.838e-009 2.257e-009 -8.547 -8.646 -0.099
MnHCO3+ 2.185e-009 1.738e-009 -8.661 -8.760 -0.099
MnOH+ 1.602e-010 1.274e-010 -9.795 -9.895 -0.099
MnF+ 1.151e-010 9.158e-011 -9.939 -10.038 -0.099
MnCl2 2.328e-011 2.328e-011 -10.633 -10.633 0.000
MnSeO4 1.173e-013 1.173e-013 -12.931 -12.931 0.000
MnCl3- 5.889e-014 4.683e-014 -13.230 -13.329 -0.099
Mn(OH)3- 1.513e-018 1.204e-018 -17.820 -17.920 -0.099
Mn(OH)4-2 6.614e-024 2.646e-024 -23.180 -23.577 -0.398
MnSe 0.000e+000 0.000e+000 -49.063 -49.063 0.000

Mn(3) 1.124e-026
Mn+3 1.124e-026 1.395e-027 -25.949 -26.855 -0.906

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -44.170 -44.568 -0.398

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -48.756 -48.871 -0.114

Mo 1.644e-006
MoO4-2 1.644e-006 6.502e-007 -5.784 -6.187 -0.403
HMoO4- 1.750e-010 1.246e-010 -9.757 -9.905 -0.148
H2MoO4 3.601e-014 3.601e-014 -13.444 -13.444 0.000
AlMo6O21-3 0.000e+000 0.000e+000 -41.042 -42.370 -1.328
Mo7O24-6 0.000e+000 0.000e+000 -45.534 -50.846 -5.312
HMo7O24-5 0.000e+000 0.000e+000 -48.694 -52.383 -3.689
H2Mo7O24-4 0.000e+000 0.000e+000 -53.098 -55.459 -2.361
H3Mo7O24-3 0.000e+000 0.000e+000 -58.698 -60.026 -1.328

Na 4.103e-002
Na+ 3.942e-002 3.126e-002 -1.404 -1.505 -0.101
NaSO4- 1.599e-003 1.279e-003 -2.796 -2.893 -0.097
NaHCO3 9.109e-006 9.109e-006 -5.041 -5.041 0.000
NaCO3- 1.010e-006 8.075e-007 -5.996 -6.093 -0.097
NaF 1.809e-007 1.809e-007 -6.743 -6.743 0.000
NaHPO4- 1.070e-007 8.560e-008 -6.971 -7.068 -0.097

O(0) 3.755e-035
O2 1.878e-035 1.916e-035 -34.726 -34.718 0.009

P 1.621e-006
HPO4-2 8.027e-007 3.211e-007 -6.095 -6.493 -0.398
CaHPO4 4.969e-007 4.969e-007 -6.304 -6.304 0.000
NaHPO4- 1.070e-007 8.560e-008 -6.971 -7.068 -0.097
H2PO4- 9.970e-008 7.976e-008 -7.001 -7.098 -0.097
CaPO4- 7.958e-008 6.366e-008 -7.099 -7.196 -0.097
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MgHPO4 2.568e-008 2.568e-008 -7.590 -7.590 0.000
CaH2PO4+ 7.556e-009 6.044e-009 -8.122 -8.219 -0.097
SrHPO4 8.316e-010 8.316e-010 -9.080 -9.080 0.000
KHPO4- 7.291e-010 5.832e-010 -9.137 -9.234 -0.097
MgH2PO4+ 5.922e-010 4.737e-010 -9.228 -9.324 -0.097
PO4-3 5.363e-011 6.657e-012 -10.271 -11.177 -0.906
MgPO4- 4.656e-011 3.725e-011 -10.332 -10.429 -0.097
SrH2PO4+ 5.832e-012 4.152e-012 -11.234 -11.382 -0.148
FeHPO4 2.281e-012 2.281e-012 -11.642 -11.642 0.000
FeHPO4+ 5.397e-013 4.318e-013 -12.268 -12.365 -0.097
H3PO4 1.399e-013 1.399e-013 -12.854 -12.854 0.000
FeH2PO4+ 8.362e-014 6.689e-014 -13.078 -13.175 -0.097
FeH2PO4+2 2.939e-019 1.204e-019 -18.532 -18.920 -0.388

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -87.057 -87.204 -0.148
H2S 0.000e+000 0.000e+000 -87.811 -87.811 0.000
S5-2 0.000e+000 0.000e+000 -88.498 -89.088 -0.590
S6-2 0.000e+000 0.000e+000 -88.664 -89.255 -0.590
S4-2 0.000e+000 0.000e+000 -89.109 -89.699 -0.590
S3-2 0.000e+000 0.000e+000 -89.942 -90.532 -0.590
S2-2 0.000e+000 0.000e+000 -90.997 -91.587 -0.590
S-2 0.000e+000 0.000e+000 -96.734 -97.132 -0.398
Fe(HS)2 0.000e+000 0.000e+000 -174.068 -174.068 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -259.088 -259.236 -0.148

S(6) 2.821e-002
SO4-2 1.967e-002 7.782e-003 -1.706 -2.109 -0.403
CaSO4 6.701e-003 6.701e-003 -2.174 -2.174 0.000
NaSO4- 1.599e-003 1.279e-003 -2.796 -2.893 -0.097
MgSO4 2.049e-004 2.049e-004 -3.689 -3.689 0.000
KSO4- 2.081e-005 1.665e-005 -4.682 -4.779 -0.097
SrSO4 1.484e-005 1.484e-005 -4.829 -4.829 0.000
MnSO4 2.822e-007 2.822e-007 -6.550 -6.550 0.000
HSO4- 8.891e-009 7.017e-009 -8.051 -8.154 -0.103
FeSO4 3.958e-009 3.958e-009 -8.402 -8.402 0.000
AlSO4+ 2.323e-012 1.833e-012 -11.634 -11.737 -0.103
Al(SO4)2- 2.733e-013 2.157e-013 -12.563 -12.666 -0.103
FeSO4+ 7.513e-015 5.975e-015 -14.124 -14.224 -0.099
Fe(SO4)2- 1.581e-015 1.125e-015 -14.801 -14.949 -0.148

Se(-2) 0.000e+000
HSe- 0.000e+000 0.000e+000 -44.752 -44.899 -0.148
H2Se 0.000e+000 0.000e+000 -48.871 -48.871 0.000
MnSe 0.000e+000 0.000e+000 -49.063 -49.063 0.000
Se-2 0.000e+000 0.000e+000 -51.925 -52.515 -0.590

Se(4) 1.673e-006
HSeO3- 1.001e-006 7.127e-007 -6.000 -6.147 -0.148
SeO3-2 6.720e-007 1.726e-007 -6.173 -6.763 -0.590
H2SeO3 3.932e-012 3.932e-012 -11.405 -11.405 0.000
FeHSeO3+2 5.017e-019 1.289e-019 -18.300 -18.890 -0.590

Se(6) 6.052e-009
SeO4-2 6.052e-009 2.394e-009 -8.218 -8.621 -0.403
MnSeO4 1.173e-013 1.173e-013 -12.931 -12.931 0.000
HSeO4- 1.522e-015 1.084e-015 -14.817 -14.965 -0.148

Si 6.109e-005
H4SiO4 6.059e-005 6.182e-005 -4.218 -4.209 0.009
H3SiO4- 5.044e-007 3.948e-007 -6.297 -6.404 -0.106
H2SiO4-2 1.715e-012 7.024e-013 -11.766 -12.153 -0.388
SiF6-2 1.325e-034 5.300e-035 -33.878 -34.276 -0.398

Sr 4.356e-005
Sr+2 2.866e-005 1.134e-005 -4.543 -4.945 -0.403
SrSO4 1.484e-005 1.484e-005 -4.829 -4.829 0.000
SrHCO3+ 5.164e-008 4.165e-008 -7.287 -7.380 -0.093
SrCO3 4.289e-009 4.289e-009 -8.368 -8.368 0.000
SrHPO4 8.316e-010 8.316e-010 -9.080 -9.080 0.000
SrF+ 4.736e-010 3.372e-010 -9.325 -9.472 -0.148
SrOH+ 1.749e-011 1.391e-011 -10.757 -10.857 -0.099
SrH2PO4+ 5.832e-012 4.152e-012 -11.234 -11.382 -0.148

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -1.60 10.23 11.83 Al(OH)3
Al2(MoO4)3 -49.86 -45.08 4.79 Al2(MoO4)3
Al2O3 -1.59 20.47 22.05 Al2O3
Al4(OH)10SO4 0.46 23.16 22.70 Al4(OH)10SO4
AlAsO4:2H2O -7.31 -2.51 4.80 AlAsO4:2H2O
AlOHSO4 -4.31 -7.54 -3.23 AlOHSO4
Alunite -1.04 -0.49 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.17 -4.47 -4.29 CaSO4
Aragonite -0.22 -8.41 -8.19 CaCO3
Arsenolite -78.88 -82.19 -3.32 As4O6
Artinite -8.68 2.04 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -32.40 -25.48 6.92 As2O5
Ba(OH)2:8H2O -17.33 7.57 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 6.26 -2.75 -9.01 Ba3(AsO4)2
BaF2 -12.08 -17.94 -5.86 BaF2
BaHPO4 -7.32 -27.09 -19.77 BaHPO4
BaMoO4 -7.21 -14.27 -7.06 BaMoO4
Barite -0.00 -10.19 -10.19 BaSO4
BaS -103.64 -87.46 16.18 BaS
BaSeO3 -8.12 -6.40 1.72 BaSeO3
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BaSeO4 -9.04 -16.71 -7.66 BaSeO4
Birnessite -7.52 10.57 18.09 MnO2
Bixbyite -7.24 -6.73 0.51 Mn2O3
Boehmite 0.56 10.23 9.67 AlOOH
Brucite -6.03 11.87 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -7.88 14.42 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) -0.01 -29.43 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -3.72 -50.80 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.80 -21.37 -19.56 CaHPO4
CaHPO4:2H2O -2.16 -21.37 -19.21 CaHPO4:2H2O
Calcite 0.00 -8.41 -8.41 CaCO3
CaMoO4 -0.61 -8.55 -7.93 CaMoO4
CaSeO3:2H2O -3.67 -0.68 2.99 CaSeO3:2H2O
CaSeO4:2H2O -8.04 -10.98 -2.94 CaSeO4:2H2O
Celestite -0.42 -7.05 -6.64 SrSO4
CH4(g) -89.76 -133.19 -43.43 CH4
Chalcedony -0.47 -4.21 -3.73 SiO2
Chrysotile -6.81 27.21 34.02 Mg3Si2O5(OH)4
Claudetite -78.61 -82.19 -3.58 As4O6
CO2(g) -3.52 -21.71 -18.18 CO2
Cristobalite -0.67 -4.21 -3.54 SiO2
Cryolite -13.14 -47.33 -34.19 Na3AlF6
Diaspore 2.40 10.23 7.83 AlOOH
Dolomite(disordered) -2.13 -18.24 -16.11 CaMg(CO3)2
Dolomite(ordered) -1.51 -18.24 -16.72 CaMg(CO3)2
Epsomite -3.67 -5.90 -2.23 MgSO4:7H2O
FCO3Apatite 19.74 -96.19 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -6.51 7.05 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 7.61 4.57 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -0.42 1.14 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -6.19 -26.82 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -36.70 -38.19 -1.49 Fe2(SO4)3
Fe3(OH)8 1.94 22.17 20.22 Fe3(OH)8
FeAsO4:2H2O -5.58 -5.18 0.40 FeAsO4:2H2O
FeMoO4 -4.81 -14.80 -9.99 FeMoO4
Ferrihydrite 3.69 7.56 3.87 Fe(OH)3
Ferroselite -51.50 -70.54 -19.03 FeSe2
FeS(ppt) -85.14 -87.98 -2.85 FeS
FeSe -34.66 -45.68 -11.02 FeSe
Fluorite -1.64 -12.21 -10.57 CaF2
Gibbsite 1.06 10.23 9.18 Al(OH)3
Goethite 6.51 7.56 1.05 FeOOH
Greenalite -8.07 12.74 20.81 Fe3Si2O5(OH)4
Greigite -312.93 -357.97 -45.03 Fe3S4
Gypsum 0.15 -4.47 -4.62 CaSO4:2H2O
H-Jarosite -2.91 -12.87 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -8.52 -21.85 -13.33 H2MoO4
H2S(g) -87.03 -95.04 -8.01 H2S
H2Se(g) -47.91 -52.73 -4.82 H2Se
Halite -5.21 -3.64 1.57 NaCl
Halloysite 0.79 12.05 11.26 Al2Si2O5(OH)4
Hausmannite -9.91 55.02 64.94 Mn3O4
Hematite 15.34 15.12 -0.22 Fe2O3
Hercynite 1.71 27.52 25.81 FeAl2O4
Huntite -8.94 -37.90 -28.97 CaMg3(CO3)4
Hydromagnesite -20.72 -27.46 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 6.84 -37.50 -44.33 Ca5(PO4)3OH
K-Alum -15.52 -20.97 -5.45 KAl(SO4)2:12H2O
K-Jarosite 5.07 -8.52 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -16.44 -13.15 3.29 K2MoO4
K2SeO4 -14.85 -15.58 -0.73 K2SeO4
Kaolinite 3.24 12.05 8.81 Al2Si2O5(OH)4
Lepidocrocite 6.19 7.56 1.37 FeOOH
Lime -21.20 13.30 34.50 CaO
Mackinawite -84.38 -87.98 -3.60 FeS
Maghemite 8.73 15.12 6.39 Fe2O3
Magnesioferrite 7.54 26.99 19.45 Fe2MgO4
Magnesite -2.19 -9.83 -7.65 MgCO3
Magnetite 16.83 22.17 5.34 Fe3O4
Manganite -2.35 22.99 25.34 MnOOH
Melanterite -8.32 -10.72 -2.40 FeSO4:7H2O
Mg(OH)2(active) -6.92 11.87 18.79 Mg(OH)2
Mg3(PO4)2 -10.43 -33.71 -23.28 Mg3(PO4)2
MgF2 -5.58 -13.64 -8.06 MgF2
MgHPO4:3H2O -4.62 -22.80 -18.18 MgHPO4:3H2O
MgMoO4 -8.12 -9.97 -1.85 MgMoO4
MgSeO3:6H2O -5.11 -2.11 3.01 MgSeO3:6H2O
MgSeO4:6H2O -11.21 -12.41 -1.20 MgSeO4:6H2O
Mirabilite -3.27 -5.13 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -55.84 -60.04 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -10.83 1.67 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -18.27 -42.18 -23.91 Mn3(PO4)2
MnCl2:4H2O -13.70 -10.89 2.82 MnCl2:4H2O
MnHPO4 -0.22 -25.62 -25.40 MnHPO4
MnS(grn) -86.45 -85.98 0.47 MnS
MnS(pnk) -89.32 -85.98 3.34 MnS
MnSe -48.09 -43.68 4.41 MnSe
MnSeO3 -6.06 -4.93 1.13 MnSeO3
MnSeO3:2H2O -5.83 -4.93 0.90 MnSeO3:2H2O
MnSeO4:5H2O -13.18 -15.23 -2.05 MnSeO4:5H2O
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MnSO4 -11.90 -8.72 3.18 MnSO4
MoO3 -13.85 -21.85 -8.00 MoO3
MoS2 -165.92 -239.79 -73.87 MoS2
Na-Jarosite 3.25 -6.54 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -13.93 -31.04 -17.12 Na2Mo2O7
Na2MoO4 -10.78 -9.20 1.58 Na2MoO4
Na2MoO4:2H2O -10.42 -9.20 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -11.63 -1.33 10.30 Na2SeO3:5H2O
Na2SeO4 -12.91 -11.63 1.28 Na2SeO4
Natron -7.14 -9.06 -1.92 Na2CO3:10H2O
Nesquehonite -5.39 -9.83 -4.45 MgCO3:3H2O
Nsutite -6.93 10.57 17.50 MnO2
O2(g) -32.65 55.74 88.39 O2
Orpiment -261.88 -326.20 -64.32 As2S3
Periclase -11.11 11.88 22.99 MgO
Portlandite -10.70 13.30 24.00 Ca(OH)2
Pyrite -136.18 -155.15 -18.97 FeS2
Pyrochroite -7.04 9.05 16.09 Mn(OH)2
Pyrolusite -6.98 36.92 43.90 MnO2
Quartz 0.00 -4.21 -4.21 SiO2
Realgar -108.58 -129.52 -20.93 AsS
Rhodochrosite -2.09 -12.66 -10.56 MnCO3
Semetal(am) -17.65 -24.86 -7.21 Se
Semetal(hex -17.00 -24.86 -7.86 Se
SeO2 -14.09 -13.98 0.11 SeO2
SeO3 -46.68 -24.28 22.40 SeO3
Sepiolite -5.69 11.13 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -7.65 11.13 18.78 Mg2Si3O7.5OH:3H2O
Siderite -4.56 -14.66 -10.09 FeCO3
SiO2(am-gel) -1.37 -4.21 -2.84 SiO2
SiO2(am-ppt) -1.33 -4.21 -2.88 SiO2
Spinel -8.11 32.34 40.45 MgAl2O4
SrF2 -6.18 -14.80 -8.62 SrF2
SrHPO4 -4.66 -23.95 -19.30 SrHPO4
SrSeO3 -5.56 -3.26 2.30 SrSeO3
SrSeO4 -9.16 -13.57 -4.40 SrSeO4
Strengite -0.80 -27.11 -26.31 FePO4:2H2O
Strontianite -1.72 -10.99 -9.27 SrCO3
Sulfur -65.17 -67.16 -1.99 S
Thenardite -5.53 -5.12 0.41 Na2SO4
Thermonatrite -9.79 -9.06 0.73 Na2CO3:H2O
Vivianite -12.19 -48.19 -36.00 Fe3(PO4)2:8H2O
Witherite -5.52 -14.13 -8.61 BaCO3

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------
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Appendix C – 2. Beal Mountain RO Water Treatment Facility PHREEQC Modeling Data – End
of 2013, Modeling 15 MG Treated Water Discharged

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 2013 End of Season, Assume Discharge 15 MG
pH 8.9
temp 10
Units mg/L
Alkalinity 112
As 0.403
Cl 746
F 0.63
P 0.107
Se 0.303
Si 8.43
S(6) 6244
Al 0.0645
Ba 0.00488
Ca 1640
Fe 2.41
Mg 34
Mn 0.16
Mo 0.361
K 38.6
Na 2159
Sr 8.75
EQUILIBRIUM_PHASES 1
Barite 0 0
Gypsum 0.25 10 #Assume 178% saturation towards end

of season
Calcite 0 0
Celestite 0 0
Ca3(PO4)2(beta) 0 0
Ferrihydrite 0 0
Fluorite 0 0
Gibbsite 0 0
Quartz 0 0
SiO2(am-gel) 0 0
SiO2(am-ppt) 0 0
SrF2 0 0
Strontianite 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 2013 End of Season, Assume Discharge 15 MG

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 2.417e-006 2.417e-006
Alkalinity 1.856e-003 1.856e-003
As 5.439e-006 5.439e-006
Ba 3.593e-008 3.593e-008
Ca 4.138e-002 4.138e-002
Cl 2.128e-002 2.128e-002
F 3.353e-005 3.353e-005
Fe 4.363e-005 4.363e-005
K 9.982e-004 9.982e-004
Mg 1.414e-003 1.414e-003
Mn 2.945e-006 2.945e-006
Mo 3.805e-006 3.805e-006
Na 9.496e-002 9.496e-002
P 3.493e-006 3.493e-006
S(6) 6.572e-002 6.572e-002
Se 3.880e-006 3.880e-006
Si 1.419e-004 1.419e-004
Sr 1.010e-004 1.010e-004
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----------------------------Description of solution----------------------------

pH = 8.900
pe = 4.000

Activity of water = 0.997
Ionic strength = 1.865e-001

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 1.450e-003

Total CO2 (mol/kg) = 1.450e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 2.717e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 11.06

Iterations = 10
Total H = 1.110156e+002
Total O = 5.577486e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.369e-006 2.419e-006 -5.473 -5.616 -0.144
H+ 1.668e-009 1.259e-009 -8.778 -8.900 -0.122
H2O 5.551e+001 9.966e-001 1.744 -0.001 0.000

Al 2.417e-006
Al(OH)4- 2.347e-006 1.733e-006 -5.630 -5.761 -0.132
Al(OH)3 7.001e-008 7.001e-008 -7.155 -7.155 0.000
Al(OH)2+ 5.831e-010 4.402e-010 -9.234 -9.356 -0.122
AlOH+2 7.703e-014 2.503e-014 -13.113 -13.602 -0.488
AlF2+ 2.010e-014 1.518e-014 -13.697 -13.819 -0.122
AlF+2 5.558e-015 1.806e-015 -14.255 -14.743 -0.488
AlF3 4.327e-015 4.327e-015 -14.364 -14.364 0.000
AlSO4+ 6.579e-016 4.860e-016 -15.182 -15.313 -0.132
Al(SO4)2- 1.298e-016 9.592e-017 -15.887 -16.018 -0.132
Al+3 1.098e-016 8.723e-018 -15.959 -17.059 -1.100
AlF4- 6.707e-017 4.955e-017 -16.173 -16.305 -0.132
AlMo6O21-3 0.000e+000 0.000e+000 -48.980 -50.914 -1.934

As(3) 4.272e-021
H3AsO3 3.112e-021 3.112e-021 -20.507 -20.507 0.000
H2AsO3- 1.158e-021 7.058e-022 -20.936 -21.151 -0.215
HAsO3-2 1.867e-024 2.581e-025 -23.729 -24.588 -0.859
AsO3-3 3.949e-028 4.600e-030 -27.404 -29.337 -1.934
H4AsO3+ 3.184e-030 1.941e-030 -29.497 -29.712 -0.215

As(5) 5.439e-006
HAsO4-2 5.314e-006 7.345e-007 -5.275 -6.134 -0.859
AsO4-3 1.101e-007 1.283e-009 -6.958 -8.892 -1.934
H2AsO4- 1.475e-008 8.992e-009 -7.831 -8.046 -0.215
H3AsO4 1.619e-015 1.690e-015 -14.791 -14.772 0.019

Ba 3.593e-008
Ba+2 3.578e-008 1.161e-008 -7.446 -7.935 -0.489
BaCO3 8.892e-011 8.892e-011 -10.051 -10.051 0.000
BaHCO3+ 6.553e-011 5.012e-011 -10.184 -10.300 -0.116
BaOH+ 1.472e-013 1.101e-013 -12.832 -12.958 -0.126

C(4) 1.450e-003
HCO3- 1.022e-003 7.714e-004 -2.991 -3.113 -0.122
CaCO3 1.722e-004 1.722e-004 -3.764 -3.764 0.000
CaHCO3+ 8.910e-005 6.814e-005 -4.050 -4.167 -0.116
CO3-2 6.482e-005 2.103e-005 -4.188 -4.677 -0.489
NaCO3- 5.368e-005 4.052e-005 -4.270 -4.392 -0.122
NaHCO3 3.897e-005 3.897e-005 -4.409 -4.409 0.000
MgCO3 3.675e-006 3.675e-006 -5.435 -5.435 0.000
MgHCO3+ 2.701e-006 1.968e-006 -5.569 -5.706 -0.137
H2CO3 2.657e-006 2.657e-006 -5.576 -5.576 0.000
SrHCO3+ 1.828e-007 1.398e-007 -6.738 -6.855 -0.116
SrCO3 1.688e-007 1.688e-007 -6.773 -6.773 0.000
MnHCO3+ 6.035e-009 4.514e-009 -8.219 -8.345 -0.126
BaCO3 8.892e-011 8.892e-011 -10.051 -10.051 0.000
BaHCO3+ 6.553e-011 5.012e-011 -10.184 -10.300 -0.116
FeHCO3+ 6.384e-012 4.882e-012 -11.195 -11.311 -0.116

Ca 4.138e-002
Ca+2 2.242e-002 7.273e-003 -1.649 -2.138 -0.489
CaSO4 1.869e-002 1.869e-002 -1.728 -1.728 0.000
CaCO3 1.722e-004 1.722e-004 -3.764 -3.764 0.000
CaHCO3+ 8.910e-005 6.814e-005 -4.050 -4.167 -0.116
CaF+ 1.797e-006 1.344e-006 -5.745 -5.871 -0.126
CaPO4- 1.512e-006 1.142e-006 -5.820 -5.942 -0.122
CaHPO4 7.600e-007 7.600e-007 -6.119 -6.119 0.000
CaOH+ 3.843e-007 2.939e-007 -6.415 -6.532 -0.116
CaH2PO4+ 1.044e-009 7.883e-010 -8.981 -9.103 -0.122

Cl 2.128e-002
Cl- 2.128e-002 1.606e-002 -1.672 -1.794 -0.122
MnCl+ 8.633e-009 6.458e-009 -8.064 -8.190 -0.126
MnCl2 1.465e-010 1.465e-010 -9.834 -9.834 0.000
MnCl3- 8.660e-013 6.478e-013 -12.062 -12.189 -0.126
FeCl+2 2.427e-019 7.599e-020 -18.615 -19.119 -0.504
FeCl2+ 1.191e-020 8.909e-021 -19.924 -20.050 -0.126
FeCl3 1.431e-023 1.431e-023 -22.844 -22.844 0.000

F 3.353e-005
F- 3.027e-005 2.284e-005 -4.519 -4.641 -0.122
CaF+ 1.797e-006 1.344e-006 -5.745 -5.871 -0.126
NaF 7.472e-007 7.472e-007 -6.127 -6.127 0.000
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MgF+ 7.137e-007 5.272e-007 -6.146 -6.278 -0.132
SrF+ 1.792e-009 1.093e-009 -8.747 -8.962 -0.215
MnF+ 3.070e-010 2.297e-010 -9.513 -9.639 -0.126
HF 3.201e-011 3.201e-011 -10.495 -10.495 0.000
AlF2+ 2.010e-014 1.518e-014 -13.697 -13.819 -0.122
AlF+2 5.558e-015 1.806e-015 -14.255 -14.743 -0.488
AlF3 4.327e-015 4.327e-015 -14.364 -14.364 0.000
HF2- 3.548e-015 2.547e-015 -14.450 -14.594 -0.144
AlF4- 6.707e-017 4.955e-017 -16.173 -16.305 -0.132
FeF+2 1.655e-017 5.182e-018 -16.781 -17.286 -0.504
FeF2+ 3.647e-018 2.728e-018 -17.438 -17.564 -0.126
FeF3 6.803e-020 6.803e-020 -19.167 -19.167 0.000
H2F2 4.848e-021 4.848e-021 -20.314 -20.314 0.000
SiF6-2 1.001e-036 3.133e-037 -36.000 -36.504 -0.504

Fe(2) 6.919e-009
Fe+2 4.968e-009 6.867e-010 -8.304 -9.163 -0.859
FeSO4 1.855e-009 1.855e-009 -8.732 -8.732 0.000
FeOH+ 8.840e-011 6.612e-011 -10.054 -10.180 -0.126
FeHCO3+ 6.384e-012 4.882e-012 -11.195 -11.311 -0.116
FeHPO4 5.863e-013 5.863e-013 -12.232 -12.232 0.000
Fe(OH)3- 3.119e-013 2.333e-013 -12.506 -12.632 -0.126
Fe(OH)2 1.071e-013 1.071e-013 -12.970 -12.970 0.000
FeH2PO4+ 1.942e-015 1.466e-015 -14.712 -14.834 -0.122

Fe(3) 4.363e-005
Fe(OH)4- 3.440e-005 2.597e-005 -4.463 -4.585 -0.122
Fe(OH)2+ 5.415e-006 4.088e-006 -5.266 -5.388 -0.122
Fe(OH)3 3.808e-006 3.808e-006 -5.419 -5.419 0.000
FeOH+2 1.723e-012 5.395e-013 -11.764 -12.268 -0.504
FeHPO4+ 1.154e-015 8.715e-016 -14.938 -15.060 -0.122
FeSO4+ 2.941e-017 2.200e-017 -16.532 -16.658 -0.126
FeF+2 1.655e-017 5.182e-018 -16.781 -17.286 -0.504
Fe(SO4)2- 1.140e-017 6.951e-018 -16.943 -17.158 -0.215
FeF2+ 3.647e-018 2.728e-018 -17.438 -17.564 -0.126
Fe+3 3.225e-018 2.562e-019 -17.492 -18.591 -1.100
FeCl+2 2.427e-019 7.599e-020 -18.615 -19.119 -0.504
FeF3 6.803e-020 6.803e-020 -19.167 -19.167 0.000
Fe2(OH)2+4 4.602e-020 1.680e-023 -19.337 -22.775 -3.438
FeCl2+ 1.191e-020 8.909e-021 -19.924 -20.050 -0.126
FeHSeO3+2 5.018e-022 6.937e-023 -21.299 -22.159 -0.859
Fe3(OH)4+5 1.983e-022 8.435e-028 -21.703 -27.074 -5.371
FeH2PO4+2 6.376e-023 2.072e-023 -22.195 -22.684 -0.488
FeCl3 1.431e-023 1.431e-023 -22.844 -22.844 0.000

H(0) 2.516e-029
H2 1.258e-029 1.313e-029 -28.900 -28.882 0.019

K 9.982e-004
K+ 9.203e-004 6.946e-004 -3.036 -3.158 -0.122
KSO4- 7.791e-005 5.882e-005 -4.108 -4.230 -0.122
KHPO4- 1.496e-009 1.130e-009 -8.825 -8.947 -0.122

Mg 1.414e-003
Mg+2 8.370e-004 2.716e-004 -3.077 -3.566 -0.489
MgSO4 5.700e-004 5.700e-004 -3.244 -3.244 0.000
MgCO3 3.675e-006 3.675e-006 -5.435 -5.435 0.000
MgHCO3+ 2.701e-006 1.968e-006 -5.569 -5.706 -0.137
MgF+ 7.137e-007 5.272e-007 -6.146 -6.278 -0.132
MgOH+ 2.620e-007 2.023e-007 -6.582 -6.694 -0.112
MgHPO4 3.917e-008 3.917e-008 -7.407 -7.407 0.000
MgPO4- 8.827e-010 6.665e-010 -9.054 -9.176 -0.122
MgH2PO4+ 8.162e-011 6.162e-011 -10.088 -10.210 -0.122

Mn(2) 2.945e-006
Mn+2 2.311e-006 3.195e-007 -5.636 -6.496 -0.859
MnSO4 6.159e-007 6.159e-007 -6.210 -6.210 0.000
MnCl+ 8.633e-009 6.458e-009 -8.064 -8.190 -0.126
MnHCO3+ 6.035e-009 4.514e-009 -8.219 -8.345 -0.126
MnOH+ 2.595e-009 1.941e-009 -8.586 -8.712 -0.126
MnF+ 3.070e-010 2.297e-010 -9.513 -9.639 -0.126
MnCl2 1.465e-010 1.465e-010 -9.834 -9.834 0.000
MnCl3- 8.660e-013 6.478e-013 -12.062 -12.189 -0.126
MnSeO4 3.719e-015 3.719e-015 -14.430 -14.430 0.000
Mn(OH)3- 3.358e-015 2.512e-015 -14.474 -14.600 -0.126
Mn(OH)4-2 2.064e-019 6.463e-020 -18.685 -19.190 -0.504
MnSe 0.000e+000 0.000e+000 -42.273 -42.273 0.000

Mn(3) 1.794e-028
Mn+3 1.794e-028 1.425e-029 -27.746 -28.846 -1.100

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -43.818 -44.323 -0.504

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -50.579 -50.730 -0.151

Mo 3.805e-006
MoO4-2 3.805e-006 1.234e-006 -5.420 -5.909 -0.489
HMoO4- 3.307e-011 2.017e-011 -10.481 -10.695 -0.215
H2MoO4 4.970e-016 4.970e-016 -15.304 -15.304 0.000
AlMo6O21-3 0.000e+000 0.000e+000 -48.980 -50.914 -1.934
Mo7O24-6 0.000e+000 0.000e+000 -49.713 -57.448 -7.735
HMo7O24-5 0.000e+000 0.000e+000 -54.683 -60.054 -5.371
H2Mo7O24-4 0.000e+000 0.000e+000 -60.762 -64.200 -3.438
H3Mo7O24-3 0.000e+000 0.000e+000 -67.901 -69.835 -1.934

Na 9.496e-002
Na+ 8.877e-002 6.700e-002 -1.052 -1.174 -0.122
NaSO4- 6.091e-003 4.599e-003 -2.215 -2.337 -0.122
NaCO3- 5.368e-005 4.052e-005 -4.270 -4.392 -0.122
NaHCO3 3.897e-005 3.897e-005 -4.409 -4.409 0.000
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NaF 7.472e-007 7.472e-007 -6.127 -6.127 0.000
NaHPO4- 2.236e-007 1.688e-007 -6.651 -6.773 -0.122

O(0) 2.632e-039
O2 1.316e-039 1.374e-039 -38.881 -38.862 0.019

P 3.493e-006
CaPO4- 1.512e-006 1.142e-006 -5.820 -5.942 -0.122
HPO4-2 9.437e-007 2.955e-007 -6.025 -6.529 -0.504
CaHPO4 7.600e-007 7.600e-007 -6.119 -6.119 0.000
NaHPO4- 2.236e-007 1.688e-007 -6.651 -6.773 -0.122
MgHPO4 3.917e-008 3.917e-008 -7.407 -7.407 0.000
H2PO4- 8.287e-009 6.257e-009 -8.082 -8.204 -0.122
KHPO4- 1.496e-009 1.130e-009 -8.825 -8.947 -0.122
SrHPO4 1.286e-009 1.286e-009 -8.891 -8.891 0.000
CaH2PO4+ 1.044e-009 7.883e-010 -8.981 -9.103 -0.122
PO4-3 9.042e-010 7.183e-011 -9.044 -10.144 -1.100
MgPO4- 8.827e-010 6.665e-010 -9.054 -9.176 -0.122
MgH2PO4+ 8.162e-011 6.162e-011 -10.088 -10.210 -0.122
SrH2PO4+ 8.979e-013 5.475e-013 -12.047 -12.262 -0.215
FeHPO4 5.863e-013 5.863e-013 -12.232 -12.232 0.000
FeH2PO4+ 1.942e-015 1.466e-015 -14.712 -14.834 -0.122
FeHPO4+ 1.154e-015 8.715e-016 -14.938 -15.060 -0.122
H3PO4 9.355e-016 9.355e-016 -15.029 -15.029 0.000
FeH2PO4+2 6.376e-023 2.072e-023 -22.195 -22.684 -0.488

S(6) 6.572e-002
SO4-2 4.025e-002 1.306e-002 -1.395 -1.884 -0.489
CaSO4 1.869e-002 1.869e-002 -1.728 -1.728 0.000
NaSO4- 6.091e-003 4.599e-003 -2.215 -2.337 -0.122
MgSO4 5.700e-004 5.700e-004 -3.244 -3.244 0.000
KSO4- 7.791e-005 5.882e-005 -4.108 -4.230 -0.122
SrSO4 4.186e-005 4.186e-005 -4.378 -4.378 0.000
MnSO4 6.159e-007 6.159e-007 -6.210 -6.210 0.000
FeSO4 1.855e-009 1.855e-009 -8.732 -8.732 0.000
HSO4- 1.359e-009 1.004e-009 -8.867 -8.998 -0.132
AlSO4+ 6.579e-016 4.860e-016 -15.182 -15.313 -0.132
Al(SO4)2- 1.298e-016 9.592e-017 -15.887 -16.018 -0.132
FeSO4+ 2.941e-017 2.200e-017 -16.532 -16.658 -0.126
Fe(SO4)2- 1.140e-017 6.951e-018 -16.943 -17.158 -0.215

Se(-2) 8.356e-040
HSe- 8.356e-040 5.095e-040 -39.078 -39.293 -0.215
MnSe 0.000e+000 0.000e+000 -42.273 -42.273 0.000
H2Se 0.000e+000 0.000e+000 -44.333 -44.333 0.000
Se-2 0.000e+000 0.000e+000 -44.980 -45.839 -0.859

Se(4) 3.880e-006
SeO3-2 3.593e-006 4.967e-007 -5.445 -6.304 -0.859
HSeO3- 2.868e-007 1.748e-007 -6.542 -6.757 -0.215
H2SeO3 8.225e-014 8.225e-014 -13.085 -13.085 0.000
FeHSeO3+2 5.018e-022 6.937e-023 -21.299 -22.159 -0.859

Se(6) 1.798e-010
SeO4-2 1.798e-010 5.833e-011 -9.745 -10.234 -0.489
MnSeO4 3.719e-015 3.719e-015 -14.430 -14.430 0.000
HSeO4- 3.692e-018 2.251e-018 -17.433 -17.648 -0.215

Si 1.419e-004
H4SiO4 1.281e-004 1.337e-004 -3.892 -3.874 0.019
H3SiO4- 1.374e-005 1.001e-005 -4.862 -4.999 -0.137
H2SiO4-2 6.432e-010 2.090e-010 -9.192 -9.680 -0.488
SiF6-2 1.001e-036 3.133e-037 -36.000 -36.504 -0.504

Sr 1.010e-004
Sr+2 5.876e-005 1.906e-005 -4.231 -4.720 -0.489
SrSO4 4.186e-005 4.186e-005 -4.378 -4.378 0.000
SrHCO3+ 1.828e-007 1.398e-007 -6.738 -6.855 -0.116
SrCO3 1.688e-007 1.688e-007 -6.773 -6.773 0.000
SrF+ 1.792e-009 1.093e-009 -8.747 -8.962 -0.215
SrHPO4 1.286e-009 1.286e-009 -8.891 -8.891 0.000
SrOH+ 3.660e-010 2.737e-010 -9.437 -9.563 -0.126
SrH2PO4+ 8.979e-013 5.475e-013 -12.047 -12.262 -0.215

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.19 9.64 11.83 Al(OH)3
Al2(MoO4)3 -56.63 -51.84 4.79 Al2(MoO4)3
Al2O3 -2.78 19.28 22.05 Al2O3
Al4(OH)10SO4 -3.84 18.86 22.70 Al4(OH)10SO4
AlAsO4:2H2O -9.93 -5.13 4.80 AlAsO4:2H2O
AlOHSO4 -6.82 -10.05 -3.23 AlOHSO4
Alunite -5.26 -4.71 0.55 KAl3(SO4)2(OH)6
Anhydrite 0.27 -4.02 -4.29 CaSO4
Aragonite 1.37 -6.82 -8.19 CaCO3
Arsenolite -78.70 -82.02 -3.32 As4O6
Artinite -4.73 5.98 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -36.46 -29.54 6.92 As2O5
Ba(OH)2:8H2O -15.05 9.85 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 9.06 0.05 -9.01 Ba3(AsO4)2
BaF2 -11.36 -17.22 -5.86 BaF2
BaHPO4 -7.20 -26.98 -19.77 BaHPO4
BaMoO4 -6.78 -13.84 -7.06 BaMoO4
Barite 0.37 -9.82 -10.19 BaSO4
BaSeO3 -7.51 -5.79 1.72 BaSeO3
BaSeO4 -10.51 -18.17 -7.66 BaSeO4
Birnessite -7.34 10.75 18.09 MnO2



31

Bixbyite -4.81 -4.30 0.51 Mn2O3
Boehmite -0.03 9.64 9.67 AlOOH
Brucite -3.67 14.23 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -4.86 17.44 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) 2.72 -26.70 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -0.81 -47.89 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.62 -21.18 -19.56 CaHPO4
CaHPO4:2H2O -1.98 -21.18 -19.21 CaHPO4:2H2O
Calcite 1.59 -6.82 -8.41 CaCO3
CaMoO4 -0.12 -8.05 -7.93 CaMoO4
CaSeO3:2H2O -2.99 0.00 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.43 -12.38 -2.94 CaSeO4:2H2O
Celestite 0.03 -6.60 -6.64 SrSO4
CH4(g) -82.24 -125.67 -43.43 CH4
Chalcedony -0.14 -3.87 -3.73 SiO2
Chrysotile 0.93 34.95 34.02 Mg3Si2O5(OH)4
Claudetite -78.44 -82.02 -3.58 As4O6
CO2(g) -4.29 -22.48 -18.18 CO2
Cristobalite -0.34 -3.87 -3.54 SiO2
Cryolite -14.24 -48.43 -34.19 Na3AlF6
Diaspore 1.81 9.64 7.83 AlOOH
Dolomite(disordered) 1.05 -15.06 -16.11 CaMg(CO3)2
Dolomite(ordered) 1.66 -15.06 -16.72 CaMg(CO3)2
Epsomite -3.23 -5.46 -2.23 MgSO4:7H2O
FCO3Apatite 29.26 -86.67 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -4.93 8.63 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 7.94 4.90 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -1.00 0.55 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -10.13 -30.76 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -41.35 -42.84 -1.49 Fe2(SO4)3
Fe3(OH)8 4.62 24.84 20.22 Fe3(OH)8
FeAsO4:2H2O -7.07 -6.67 0.40 FeAsO4:2H2O
FeMoO4 -5.08 -15.07 -9.99 FeMoO4
Ferrihydrite 4.23 8.10 3.87 Fe(OH)3
Ferroselite -42.91 -61.95 -19.03 FeSe2
FeSe -28.54 -39.56 -11.02 FeSe
Fluorite -0.85 -11.42 -10.57 CaF2
Gibbsite 0.46 9.64 9.18 Al(OH)3
Goethite 7.05 8.11 1.05 FeOOH
Greenalite -2.65 18.16 20.81 Fe3Si2O5(OH)4
Gypsum 0.59 -4.03 -4.62 CaSO4:2H2O
H-Jarosite -5.09 -15.05 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -10.38 -23.71 -13.33 H2MoO4
H2Se(g) -43.37 -48.19 -4.82 H2Se
Halite -4.54 -2.97 1.57 NaCl
Halloysite 0.27 11.53 11.26 Al2Si2O5(OH)4
Hausmannite -5.23 59.71 64.94 Mn3O4
Hematite 16.43 16.21 -0.22 Fe2O3
Hercynite 2.11 27.91 25.81 FeAl2O4
Huntite -2.58 -31.55 -28.97 CaMg3(CO3)4
Hydromagnesite -12.01 -18.75 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 12.11 -32.22 -44.33 Ca5(PO4)3OH
K-Alum -18.55 -24.00 -5.45 KAl(SO4)2:12H2O
K-Jarosite 4.28 -9.31 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -15.52 -12.23 3.29 K2MoO4
K2SeO4 -15.82 -16.55 -0.73 K2SeO4
Kaolinite 2.72 11.53 8.81 Al2Si2O5(OH)4
Lepidocrocite 6.73 8.11 1.37 FeOOH
Lime -18.84 15.66 34.50 CaO
Maghemite 9.83 16.21 6.39 Fe2O3
Magnesioferrite 11.00 30.44 19.45 Fe2MgO4
Magnesite -0.60 -8.24 -7.65 MgCO3
Magnetite 19.51 24.85 5.34 Fe3O4
Manganite -1.14 24.20 25.34 MnOOH
Melanterite -8.66 -11.06 -2.40 FeSO4:7H2O
Mg(OH)2(active) -4.56 14.23 18.79 Mg(OH)2
Mg3(PO4)2 -7.71 -30.99 -23.28 Mg3(PO4)2
MgF2 -4.79 -12.85 -8.06 MgF2
MgHPO4:3H2O -4.44 -22.61 -18.18 MgHPO4:3H2O
MgMoO4 -7.62 -9.47 -1.85 MgMoO4
MgSeO3:6H2O -4.44 -1.43 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.61 -13.81 -1.20 MgSeO4:6H2O
Mirabilite -2.40 -4.25 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -59.15 -63.34 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -8.14 4.36 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -15.86 -39.77 -23.91 Mn3(PO4)2
MnCl2:4H2O -12.91 -10.09 2.82 MnCl2:4H2O
MnHPO4 -0.14 -25.54 -25.40 MnHPO4
MnSe -41.30 -36.89 4.41 MnSe
MnSeO3 -5.48 -4.35 1.13 MnSeO3
MnSeO3:2H2O -5.26 -4.36 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.69 -16.74 -2.05 MnSeO4:5H2O
MnSO4 -11.56 -8.38 3.18 MnSO4
MoO3 -15.71 -23.71 -8.00 MoO3
Na-Jarosite 2.47 -7.33 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -14.84 -31.96 -17.12 Na2Mo2O7
Na2MoO4 -9.84 -8.26 1.58 Na2MoO4
Na2MoO4:2H2O -9.48 -8.26 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -10.51 -0.21 10.30 Na2SeO3:5H2O
Na2SeO4 -13.86 -12.58 1.28 Na2SeO4
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Natron -5.12 -7.04 -1.92 Na2CO3:10H2O
Nesquehonite -3.80 -8.25 -4.45 MgCO3:3H2O
Nsutite -6.75 10.75 17.50 MnO2
O2(g) -36.80 51.60 88.39 O2
Periclase -8.76 14.23 22.99 MgO
Portlandite -8.34 15.66 24.00 Ca(OH)2
Pyrochroite -4.79 11.30 16.09 Mn(OH)2
Pyrolusite -6.80 37.10 43.90 MnO2
Quartz 0.34 -3.87 -4.21 SiO2
Rhodochrosite -0.61 -11.17 -10.56 MnCO3
Semetal(am) -15.18 -22.39 -7.21 Se
Semetal(hex -14.54 -22.39 -7.86 Se
SeO2 -15.77 -15.66 0.11 SeO2
SeO3 -50.44 -28.03 22.40 SeO3
Sepiolite 0.03 16.85 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -1.93 16.85 18.78 Mg2Si3O7.5OH:3H2O
Siderite -3.75 -13.84 -10.09 FeCO3
SiO2(am-gel) -1.03 -3.87 -2.84 SiO2
SiO2(am-ppt) -0.99 -3.87 -2.88 SiO2
Spinel -6.94 33.51 40.45 MgAl2O4
SrF2 -5.39 -14.00 -8.62 SrF2
SrHPO4 -4.47 -23.76 -19.30 SrHPO4
SrSeO3 -4.88 -2.58 2.30 SrSeO3
SrSeO4 -10.55 -14.95 -4.40 SrSeO4
Strengite -2.43 -28.74 -26.31 FePO4:2H2O
Strontianite -0.13 -9.40 -9.27 SrCO3
Thenardite -4.64 -4.23 0.41 Na2SO4
Thermonatrite -7.76 -7.03 0.73 Na2CO3:H2O
Vivianite -11.79 -47.79 -36.00 Fe3(PO4)2:8H2O
Witherite -4.01 -12.61 -8.61 BaCO3

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 2013 End of Season, Assume Discharge 15 MG
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Barite 0.00 -10.19 -10.19 0.000e+000 1.841e-008 1.841e-008
Ca3(PO4)2(beta) -0.06 -29.48 -29.42 0.000e+000 0 0.000e+000
Calcite 0.00 -8.41 -8.41 0.000e+000 3.837e-004 3.837e-004
Celestite -0.00 -6.64 -6.64 0.000e+000 0 0.000e+000
Ferrihydrite 0.00 3.87 3.87 0.000e+000 4.362e-005 4.362e-005
Fluorite -1.07 -11.64 -10.57 0.000e+000 0 0.000e+000
Gibbsite 0.00 9.18 9.18 0.000e+000 2.349e-006 2.349e-006
Gypsum 0.25 -4.37 -4.62 1.000e+001 1.002e+001 2.075e-002
Quartz 0.00 -4.21 -4.21 0.000e+000 8.199e-005 8.199e-005
SiO2(am-gel) -1.37 -4.21 -2.84 0.000e+000 0 0.000e+000
SiO2(am-ppt) -1.33 -4.21 -2.88 0.000e+000 0 0.000e+000
SrF2 -5.30 -13.92 -8.62 0.000e+000 0 0.000e+000
Strontianite -1.41 -10.68 -9.27 0.000e+000 0 0.000e+000

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 6.830e-008 6.825e-008
As 5.443e-006 5.439e-006
Ba 1.754e-008 1.752e-008
C 1.067e-003 1.066e-003
Ca 2.025e-002 2.024e-002
Cl 2.129e-002 2.128e-002
F 3.355e-005 3.353e-005
Fe 1.309e-008 1.308e-008
K 9.990e-004 9.982e-004
Mg 1.415e-003 1.414e-003
Mn 2.947e-006 2.945e-006
Mo 3.807e-006 3.805e-006
Na 9.503e-002 9.496e-002
P 3.496e-006 3.493e-006
S 4.500e-002 4.497e-002
Se 3.883e-006 3.880e-006
Si 5.992e-005 5.988e-005
Sr 1.010e-004 1.010e-004

----------------------------Description of solution----------------------------

pH = 7.901 Charge balance
pe = 3.588 Adjusted to redox

equilibrium
Activity of water = 0.997

Ionic strength = 1.464e-001
Mass of water (kg) = 9.993e-001

Total alkalinity (eq/kg) = 1.039e-003



33

Total CO2 (mol/kg) = 1.067e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 2.717e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 13.23

Iterations = 8
Total H = 1.109324e+002
Total O = 5.564890e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.647e-007 1.214e-007 -6.783 -6.916 -0.133
H+ 3.276e-008 2.509e-008 -7.485 -7.601 -0.116
H2O 5.551e+001 9.971e-001 1.744 -0.001 0.000

Al 6.830e-008
Al(OH)4- 3.997e-008 3.019e-008 -7.398 -7.520 -0.122
Al(OH)3 2.428e-008 2.428e-008 -7.615 -7.615 0.000
Al(OH)2+ 3.952e-009 3.041e-009 -8.403 -8.517 -0.114
AlF2+ 5.810e-011 4.472e-011 -10.236 -10.350 -0.114
AlF+2 1.463e-011 5.133e-012 -10.835 -11.290 -0.455
AlF3 1.322e-011 1.322e-011 -10.879 -10.879 0.000
AlOH+2 9.819e-012 3.444e-012 -11.008 -11.463 -0.455
AlSO4+ 1.437e-012 1.085e-012 -11.843 -11.965 -0.122
Al+3 2.637e-013 2.391e-014 -12.579 -13.621 -1.042
Al(SO4)2- 2.310e-013 1.744e-013 -12.636 -12.758 -0.122
AlF4- 2.078e-013 1.569e-013 -12.682 -12.804 -0.122
AlMo6O21-3 1.543e-038 2.986e-040 -37.812 -39.525 -1.713

As(3) 4.011e-015
H3AsO3 3.941e-015 3.941e-015 -14.404 -14.404 0.000
H2AsO3- 6.952e-017 4.485e-017 -16.158 -16.348 -0.190
HAsO3-2 4.751e-021 8.228e-022 -20.323 -21.085 -0.761
H4AsO3+ 7.594e-023 4.899e-023 -22.120 -22.310 -0.190
AsO3-3 3.803e-026 7.360e-028 -25.420 -27.133 -1.713

As(5) 5.443e-006
HAsO4-2 5.104e-006 8.841e-007 -5.292 -6.053 -0.761
H2AsO4- 3.343e-007 2.157e-007 -6.476 -6.666 -0.190
AsO4-3 4.004e-009 7.749e-011 -8.398 -10.111 -1.713
H3AsO4 7.812e-013 8.080e-013 -12.107 -12.093 0.015

Ba 1.754e-008
Ba+2 1.750e-008 6.023e-009 -7.757 -8.220 -0.463
BaHCO3+ 3.079e-011 2.396e-011 -10.512 -10.620 -0.109
BaCO3 2.133e-012 2.133e-012 -11.671 -11.671 0.000
BaOH+ 3.758e-015 2.869e-015 -14.425 -14.542 -0.117

C(4) 1.067e-003
HCO3- 9.236e-004 7.108e-004 -3.035 -3.148 -0.114
H2CO3 4.878e-005 4.878e-005 -4.312 -4.312 0.000
CaHCO3+ 4.482e-005 3.488e-005 -4.349 -4.457 -0.109
NaHCO3 3.694e-005 3.694e-005 -4.433 -4.433 0.000
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CO3-2 2.825e-006 9.722e-007 -5.549 -6.012 -0.463
MgHCO3+ 2.736e-006 2.042e-006 -5.563 -5.690 -0.127
NaCO3- 2.504e-006 1.927e-006 -5.601 -5.715 -0.114
MgCO3 1.914e-007 1.914e-007 -6.718 -6.718 0.000
SrHCO3+ 1.865e-007 1.451e-007 -6.729 -6.838 -0.109
SrCO3 8.794e-009 8.794e-009 -8.056 -8.056 0.000
MnHCO3+ 6.801e-009 5.192e-009 -8.167 -8.285 -0.117
BaHCO3+ 3.079e-011 2.396e-011 -10.512 -10.620 -0.109
FeHCO3+ 6.914e-012 5.381e-012 -11.160 -11.269 -0.109
BaCO3 2.133e-012 2.133e-012 -11.671 -11.671 0.000

Ca 2.025e-002
Ca+2 1.174e-002 4.041e-003 -1.930 -2.394 -0.463
CaSO4 8.460e-003 8.460e-003 -2.073 -2.073 0.000
CaHCO3+ 4.482e-005 3.488e-005 -4.349 -4.457 -0.109
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CaF+ 1.015e-006 7.745e-007 -5.994 -6.111 -0.117
CaHPO4 8.286e-007 8.286e-007 -6.082 -6.082 0.000
CaPO4- 8.117e-008 6.247e-008 -7.091 -7.204 -0.114
CaH2PO4+ 2.225e-008 1.713e-008 -7.653 -7.766 -0.114
CaOH+ 1.054e-008 8.199e-009 -7.977 -8.086 -0.109

Cl 2.129e-002
Cl- 2.129e-002 1.631e-002 -1.672 -1.788 -0.116
MnCl+ 1.072e-008 8.187e-009 -7.970 -8.087 -0.117
MnCl2 1.886e-010 1.886e-010 -9.724 -9.724 0.000
MnCl3- 1.109e-012 8.470e-013 -11.955 -12.072 -0.117
FeCl+2 1.052e-019 3.574e-020 -18.978 -19.447 -0.469
FeCl2+ 5.574e-021 4.255e-021 -20.254 -20.371 -0.117
FeCl3 6.939e-024 6.939e-024 -23.159 -23.159 0.000

F 3.355e-005
F- 3.092e-005 2.368e-005 -4.510 -4.626 -0.116
CaF+ 1.015e-006 7.745e-007 -5.994 -6.111 -0.117
MgF+ 8.151e-007 6.156e-007 -6.089 -6.211 -0.122
NaF 7.969e-007 7.969e-007 -6.099 -6.099 0.000
SrF+ 1.979e-009 1.277e-009 -8.704 -8.894 -0.190
HF 6.615e-010 6.615e-010 -9.179 -9.179 0.000
MnF+ 3.894e-010 2.973e-010 -9.410 -9.527 -0.117
AlF2+ 5.810e-011 4.472e-011 -10.236 -10.350 -0.114
AlF+2 1.463e-011 5.133e-012 -10.835 -11.290 -0.455
AlF3 1.322e-011 1.322e-011 -10.879 -10.879 0.000
AlF4- 2.078e-013 1.569e-013 -12.682 -12.804 -0.122
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HF2- 7.404e-014 5.457e-014 -13.131 -13.263 -0.133
FeF+2 7.325e-018 2.488e-018 -17.135 -17.604 -0.469
H2F2 2.070e-018 2.070e-018 -17.684 -17.684 0.000
FeF2+ 1.779e-018 1.358e-018 -17.750 -17.867 -0.117
FeF3 3.511e-020 3.511e-020 -19.455 -19.455 0.000
SiF6-2 8.314e-032 2.824e-032 -31.080 -31.549 -0.469

Fe(2) 6.565e-009
Fe+2 4.743e-009 8.216e-010 -8.324 -9.085 -0.761
FeSO4 1.808e-009 1.808e-009 -8.743 -8.743 0.000
FeHCO3+ 6.914e-012 5.381e-012 -11.160 -11.269 -0.109
FeOH+ 5.202e-012 3.971e-012 -11.284 -11.401 -0.117
FeHPO4 1.376e-012 1.376e-012 -11.861 -11.861 0.000
FeH2PO4+ 8.910e-014 6.857e-014 -13.050 -13.164 -0.114
Fe(OH)2 3.229e-016 3.229e-016 -15.491 -15.491 0.000
Fe(OH)3- 4.627e-017 3.532e-017 -16.335 -16.452 -0.117
Fe(HS)2 0.000e+000 0.000e+000 -129.850 -129.850 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -192.480 -192.671 -0.190

Fe(3) 6.523e-009
Fe(OH)2+ 6.201e-009 4.772e-009 -8.208 -8.321 -0.114
Fe(OH)3 2.232e-010 2.232e-010 -9.651 -9.651 0.000
Fe(OH)4- 9.930e-011 7.642e-011 -10.003 -10.117 -0.114
FeOH+2 3.693e-014 1.254e-014 -13.433 -13.902 -0.469
FeHPO4+ 1.029e-015 7.919e-016 -14.988 -15.101 -0.114
FeSO4+ 1.087e-017 8.297e-018 -16.964 -17.081 -0.117
FeF+2 7.325e-018 2.488e-018 -17.135 -17.604 -0.469
Fe(SO4)2- 3.310e-018 2.136e-018 -17.480 -17.670 -0.190
FeF2+ 1.779e-018 1.358e-018 -17.750 -17.867 -0.117
Fe+3 1.308e-018 1.186e-019 -17.883 -18.926 -1.042
FeCl+2 1.052e-019 3.574e-020 -18.978 -19.447 -0.469
FeF3 3.511e-020 3.511e-020 -19.455 -19.455 0.000
FeCl2+ 5.574e-021 4.255e-021 -20.254 -20.371 -0.117
FeHSeO3+2 1.736e-021 3.006e-022 -20.761 -21.522 -0.761
FeH2PO4+2 1.069e-021 3.751e-022 -20.971 -21.426 -0.455
Fe2(OH)2+4 1.009e-023 9.081e-027 -22.996 -26.042 -3.046
FeCl3 6.939e-024 6.939e-024 -23.159 -23.159 0.000
Fe3(OH)4+5 3.056e-029 5.323e-034 -28.515 -33.274 -4.759

H(0) 6.730e-026
H2 3.365e-026 3.480e-026 -25.473 -25.458 0.015

K 9.990e-004
K+ 9.348e-004 7.160e-004 -3.029 -3.145 -0.116
KSO4- 6.417e-005 4.939e-005 -4.193 -4.306 -0.114
KHPO4- 2.969e-009 2.285e-009 -8.527 -8.641 -0.114

Mg 1.415e-003
Mg+2 8.888e-004 3.058e-004 -3.051 -3.515 -0.463
MgSO4 5.229e-004 5.229e-004 -3.282 -3.282 0.000
MgHCO3+ 2.736e-006 2.042e-006 -5.563 -5.690 -0.127
MgF+ 8.151e-007 6.156e-007 -6.089 -6.211 -0.122
MgCO3 1.914e-007 1.914e-007 -6.718 -6.718 0.000
MgHPO4 8.656e-008 8.656e-008 -7.063 -7.063 0.000
MgOH+ 1.457e-008 1.144e-008 -7.836 -7.942 -0.105
MgH2PO4+ 3.526e-009 2.714e-009 -8.453 -8.566 -0.114
MgPO4- 9.602e-011 7.390e-011 -10.018 -10.131 -0.114

Mn(2) 2.947e-006
Mn+2 2.302e-006 3.988e-007 -5.638 -6.399 -0.761
MnSO4 6.263e-007 6.263e-007 -6.203 -6.203 0.000
MnCl+ 1.072e-008 8.187e-009 -7.970 -8.087 -0.117
MnHCO3+ 6.801e-009 5.192e-009 -8.167 -8.285 -0.117
MnF+ 3.894e-010 2.973e-010 -9.410 -9.527 -0.117
MnCl2 1.886e-010 1.886e-010 -9.724 -9.724 0.000
MnOH+ 1.593e-010 1.216e-010 -9.798 -9.915 -0.117
MnCl3- 1.109e-012 8.470e-013 -11.955 -12.072 -0.117
MnSeO4 8.229e-019 8.229e-019 -18.085 -18.085 0.000
Mn(OH)3- 5.197e-019 3.968e-019 -18.284 -18.401 -0.117
Mn(OH)4-2 1.509e-024 5.126e-025 -23.821 -24.290 -0.469
MnSe 5.805e-033 5.805e-033 -32.236 -32.236 0.000

Mn(3) 7.596e-029
Mn+3 7.596e-029 6.889e-030 -28.119 -29.162 -1.042

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -55.801 -56.270 -0.469

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -62.951 -63.090 -0.139

Mo 3.807e-006
MoO4-2 3.807e-006 1.310e-006 -5.419 -5.883 -0.463
HMoO4- 6.611e-010 4.265e-010 -9.180 -9.370 -0.190
H2MoO4 2.095e-013 2.095e-013 -12.679 -12.679 0.000
AlMo6O21-3 1.543e-038 2.986e-040 -37.812 -39.525 -1.713
Mo7O24-6 0.000e+000 0.000e+000 -40.020 -46.873 -6.853
HMo7O24-5 0.000e+000 0.000e+000 -43.420 -48.179 -4.759
H2Mo7O24-4 0.000e+000 0.000e+000 -47.979 -51.025 -3.046
H3Mo7O24-3 0.000e+000 0.000e+000 -53.648 -55.361 -1.713

Na 9.503e-002
Na+ 8.998e-002 6.891e-002 -1.046 -1.162 -0.116
NaSO4- 5.006e-003 3.853e-003 -2.300 -2.414 -0.114
NaHCO3 3.694e-005 3.694e-005 -4.433 -4.433 0.000
NaCO3- 2.504e-006 1.927e-006 -5.601 -5.715 -0.114
NaF 7.969e-007 7.969e-007 -6.099 -6.099 0.000
NaHPO4- 4.427e-007 3.407e-007 -6.354 -6.468 -0.114

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -45.723 -45.708 0.015

P 3.496e-006
HPO4-2 1.707e-006 5.797e-007 -5.768 -6.237 -0.469
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CaHPO4 8.286e-007 8.286e-007 -6.082 -6.082 0.000
NaHPO4- 4.427e-007 3.407e-007 -6.354 -6.468 -0.114
H2PO4- 3.179e-007 2.447e-007 -6.498 -6.611 -0.114
MgHPO4 8.656e-008 8.656e-008 -7.063 -7.063 0.000
CaPO4- 8.117e-008 6.247e-008 -7.091 -7.204 -0.114
CaH2PO4+ 2.225e-008 1.713e-008 -7.653 -7.766 -0.114
MgH2PO4+ 3.526e-009 2.714e-009 -8.453 -8.566 -0.114
KHPO4- 2.969e-009 2.285e-009 -8.527 -8.641 -0.114
SrHPO4 2.844e-009 2.844e-009 -8.546 -8.546 0.000
MgPO4- 9.602e-011 7.390e-011 -10.018 -10.131 -0.114
PO4-3 7.799e-011 7.072e-012 -10.108 -11.150 -1.042
SrH2PO4+ 3.740e-011 2.412e-011 -10.427 -10.618 -0.190
FeHPO4 1.376e-012 1.376e-012 -11.861 -11.861 0.000
H3PO4 7.290e-013 7.290e-013 -12.137 -12.137 0.000
FeH2PO4+ 8.910e-014 6.857e-014 -13.050 -13.164 -0.114
FeHPO4+ 1.029e-015 7.919e-016 -14.988 -15.101 -0.114
FeH2PO4+2 1.069e-021 3.751e-022 -20.971 -21.426 -0.455

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -64.667 -64.857 -0.190
H2S 0.000e+000 0.000e+000 -65.234 -65.234 0.000
S5-2 0.000e+000 0.000e+000 -66.209 -66.971 -0.761
S6-2 0.000e+000 0.000e+000 -66.376 -67.138 -0.761
S4-2 0.000e+000 0.000e+000 -66.821 -67.582 -0.761
S3-2 0.000e+000 0.000e+000 -67.654 -68.415 -0.761
S2-2 0.000e+000 0.000e+000 -68.709 -69.470 -0.761
S-2 0.000e+000 0.000e+000 -74.546 -75.015 -0.469
Fe(HS)2 0.000e+000 0.000e+000 -129.850 -129.850 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -192.480 -192.671 -0.190

S(6) 4.500e-002
SO4-2 3.091e-002 1.064e-002 -1.510 -1.973 -0.463
CaSO4 8.460e-003 8.460e-003 -2.073 -2.073 0.000
NaSO4- 5.006e-003 3.853e-003 -2.300 -2.414 -0.114
MgSO4 5.229e-004 5.229e-004 -3.282 -3.282 0.000
KSO4- 6.417e-005 4.939e-005 -4.193 -4.306 -0.114
SrSO4 3.842e-005 3.842e-005 -4.415 -4.415 0.000
MnSO4 6.263e-007 6.263e-007 -6.203 -6.203 0.000
HSO4- 2.158e-008 1.630e-008 -7.666 -7.788 -0.122
FeSO4 1.808e-009 1.808e-009 -8.743 -8.743 0.000
AlSO4+ 1.437e-012 1.085e-012 -11.843 -11.965 -0.122
Al(SO4)2- 2.310e-013 1.744e-013 -12.636 -12.758 -0.122
FeSO4+ 1.087e-017 8.297e-018 -16.964 -17.081 -0.117
Fe(SO4)2- 3.310e-018 2.136e-018 -17.480 -17.670 -0.190

Se(-2) 1.374e-028
HSe- 1.374e-028 8.862e-029 -27.862 -28.052 -0.190
H2Se 1.608e-032 1.608e-032 -31.794 -31.794 0.000
MnSe 5.805e-033 5.805e-033 -32.236 -32.236 0.000
Se-2 7.294e-036 1.263e-036 -35.137 -35.898 -0.761

Se(4) 3.883e-006
HSeO3- 2.536e-006 1.636e-006 -5.596 -5.786 -0.190
SeO3-2 1.347e-006 2.332e-007 -5.871 -6.632 -0.761
H2SeO3 1.534e-011 1.534e-011 -10.814 -10.814 0.000
FeHSeO3+2 1.736e-021 3.006e-022 -20.761 -21.522 -0.761

Se(6) 3.005e-014
SeO4-2 3.005e-014 1.034e-014 -13.522 -13.985 -0.463
MnSeO4 8.229e-019 8.229e-019 -18.085 -18.085 0.000
HSeO4- 1.233e-020 7.954e-021 -19.909 -20.099 -0.190

Si 5.992e-005
H4SiO4 5.961e-005 6.165e-005 -4.225 -4.210 0.015
H3SiO4- 3.104e-007 2.317e-007 -6.508 -6.635 -0.127
H2SiO4-2 6.916e-013 2.426e-013 -12.160 -12.615 -0.455
SiF6-2 8.314e-032 2.824e-032 -31.080 -31.549 -0.469

Sr 1.010e-004
Sr+2 6.243e-005 2.148e-005 -4.205 -4.668 -0.463
SrSO4 3.842e-005 3.842e-005 -4.415 -4.415 0.000
SrHCO3+ 1.865e-007 1.451e-007 -6.729 -6.838 -0.109
SrCO3 8.794e-009 8.794e-009 -8.056 -8.056 0.000
SrHPO4 2.844e-009 2.844e-009 -8.546 -8.546 0.000
SrF+ 1.979e-009 1.277e-009 -8.704 -8.894 -0.190
SrH2PO4+ 3.740e-011 2.412e-011 -10.427 -10.618 -0.190
SrOH+ 2.029e-011 1.549e-011 -10.693 -10.810 -0.117

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.65 9.18 11.83 Al(OH)3
Al2(MoO4)3 -49.68 -44.89 4.79 Al2(MoO4)3
Al2O3 -3.70 18.36 22.05 Al2O3
Al4(OH)10SO4 -3.17 19.53 22.70 Al4(OH)10SO4
AlAsO4:2H2O -7.71 -2.91 4.80 AlAsO4:2H2O
AlOHSO4 -4.77 -8.00 -3.23 AlOHSO4
Alunite -2.91 -2.36 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.07 -4.37 -4.29 CaSO4
Aragonite -0.22 -8.41 -8.19 CaCO3
Arsenolite -54.29 -57.61 -3.32 As4O6
Artinite -8.56 2.15 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -31.10 -24.18 6.92 As2O5
Ba(OH)2:8H2O -17.93 6.97 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 5.77 -3.24 -9.01 Ba3(AsO4)2
BaF2 -11.61 -17.47 -5.86 BaF2
BaHPO4 -7.20 -26.97 -19.77 BaHPO4
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BaMoO4 -7.04 -14.10 -7.06 BaMoO4
Barite 0.00 -10.19 -10.19 BaSO4
BaS -81.66 -65.48 16.18 BaS
BaSeO3 -8.12 -6.41 1.72 BaSeO3
BaSeO4 -14.54 -22.21 -7.66 BaSeO4
Birnessite -13.27 4.83 18.09 MnO2
Bixbyite -13.24 -12.72 0.51 Mn2O3
Boehmite -0.49 9.18 9.67 AlOOH
Brucite -6.22 11.68 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -8.07 14.23 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) -0.06 -29.48 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -3.55 -50.63 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.58 -21.14 -19.56 CaHPO4
CaHPO4:2H2O -1.94 -21.15 -19.21 CaHPO4:2H2O
Calcite 0.00 -8.41 -8.41 CaCO3
CaMoO4 -0.34 -8.28 -7.93 CaMoO4
CaSeO3:2H2O -3.58 -0.58 2.99 CaSeO3:2H2O
CaSeO4:2H2O -13.44 -16.38 -2.94 CaSeO4:2H2O
Celestite -0.00 -6.64 -6.64 SrSO4
CH4(g) -67.28 -110.72 -43.43 CH4
Chalcedony -0.47 -4.21 -3.73 SiO2
Chrysotile -7.38 26.64 34.02 Mg3Si2O5(OH)4
Claudetite -54.03 -57.61 -3.58 As4O6
CO2(g) -3.03 -21.21 -18.18 CO2
Cristobalite -0.67 -4.21 -3.54 SiO2
Cryolite -10.67 -44.86 -34.19 Na3AlF6
Diaspore 1.35 9.18 7.83 AlOOH
Dolomite(disordered) -1.82 -17.93 -16.11 CaMg(CO3)2
Dolomite(ordered) -1.21 -17.93 -16.72 CaMg(CO3)2
Epsomite -3.26 -5.50 -2.23 MgSO4:7H2O
FCO3Apatite 20.50 -95.43 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -7.45 6.11 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 4.10 1.06 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -7.19 -5.64 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -11.78 -32.41 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -42.28 -43.77 -1.49 Fe2(SO4)3
Fe3(OH)8 -6.36 13.86 20.22 Fe3(OH)8
FeAsO4:2H2O -8.62 -8.22 0.40 FeAsO4:2H2O
FeMoO4 -4.98 -14.97 -9.99 FeMoO4
Ferrihydrite 0.00 3.87 3.87 Fe(OH)3
Ferroselite -23.78 -42.81 -19.03 FeSe2
FeS(ppt) -63.49 -66.34 -2.85 FeS
FeSe -18.52 -29.54 -11.02 FeSe
Fluorite -1.07 -11.64 -10.57 CaF2
Gibbsite 0.00 9.18 9.18 Al(OH)3
Goethite 2.82 3.87 1.05 FeOOH
Greenalite -10.88 9.93 20.81 Fe3Si2O5(OH)4
Greigite -230.93 -275.96 -45.03 Fe3S4
Gypsum 0.25 -4.37 -4.62 CaSO4:2H2O
H-Jarosite -12.77 -22.73 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -7.75 -21.08 -13.33 H2MoO4
H2S(g) -64.45 -72.46 -8.01 H2S
H2Se(g) -30.83 -35.65 -4.82 H2Se
Halite -4.52 -2.95 1.57 NaCl
Halloysite -1.32 9.94 11.26 Al2Si2O5(OH)4
Hausmannite -16.16 48.78 64.94 Mn3O4
Hematite 7.97 7.75 -0.22 Fe2O3
Hercynite -1.34 24.47 25.81 FeAl2O4
Huntite -8.02 -36.99 -28.97 CaMg3(CO3)4
Hydromagnesite -19.69 -26.43 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 6.51 -37.82 -44.33 Ca5(PO4)3OH
K-Alum -15.28 -20.73 -5.45 KAl(SO4)2:12H2O
K-Jarosite -4.69 -18.27 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -15.47 -12.17 3.29 K2MoO4
K2SeO4 -19.55 -20.28 -0.73 K2SeO4
Kaolinite 1.13 9.94 8.81 Al2Si2O5(OH)4
Lepidocrocite 2.50 3.87 1.37 FeOOH
Lime -21.69 12.81 34.50 CaO
Mackinawite -62.74 -66.34 -3.60 FeS
Maghemite 1.36 7.75 6.39 Fe2O3
Magnesioferrite -0.02 19.43 19.45 Fe2MgO4
Magnesite -1.88 -9.53 -7.65 MgCO3
Magnetite 8.52 13.86 5.34 Fe3O4
Manganite -5.35 19.99 25.34 MnOOH
Melanterite -8.67 -11.07 -2.40 FeSO4:7H2O
Mg(OH)2(active) -7.11 11.68 18.79 Mg(OH)2
Mg3(PO4)2 -9.56 -32.84 -23.28 Mg3(PO4)2
MgF2 -4.71 -12.77 -8.06 MgF2
MgHPO4:3H2O -4.09 -22.27 -18.18 MgHPO4:3H2O
MgMoO4 -7.55 -9.40 -1.85 MgMoO4
MgSeO3:6H2O -4.71 -1.71 3.01 MgSeO3:6H2O
MgSeO4:6H2O -16.31 -17.51 -1.20 MgSeO4:6H2O
Mirabilite -2.46 -4.31 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -60.05 -64.24 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -10.29 2.21 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -17.59 -41.50 -23.91 Mn3(PO4)2
MnCl2:4H2O -12.80 -9.98 2.82 MnCl2:4H2O
MnHPO4 0.25 -25.15 -25.40 MnHPO4
MnS(grn) -64.12 -63.66 0.47 MnS
MnS(pnk) -67.00 -63.66 3.34 MnS
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MnSe -31.26 -26.85 4.41 MnSe
MnSeO3 -5.71 -4.58 1.13 MnSeO3
MnSeO3:2H2O -5.49 -4.59 0.90 MnSeO3:2H2O
MnSeO4:5H2O -18.34 -20.39 -2.05 MnSeO4:5H2O
MnSO4 -11.56 -8.37 3.18 MnSO4
MoO3 -13.08 -21.08 -8.00 MoO3
MoS2 -114.50 -188.37 -73.87 MoS2
Na-Jarosite -6.49 -16.29 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -12.17 -29.29 -17.12 Na2Mo2O7
Na2MoO4 -9.79 -8.21 1.58 Na2MoO4
Na2MoO4:2H2O -9.43 -8.21 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -10.82 -0.52 10.30 Na2SeO3:5H2O
Na2SeO4 -17.59 -16.31 1.28 Na2SeO4
Natron -6.43 -8.35 -1.92 Na2CO3:10H2O
Nesquehonite -5.09 -9.53 -4.45 MgCO3:3H2O
Nsutite -12.68 4.83 17.50 MnO2
O2(g) -43.64 44.75 88.39 O2
Orpiment -181.85 -246.17 -64.32 As2S3
Periclase -11.30 11.69 22.99 MgO
Portlandite -11.19 12.81 24.00 Ca(OH)2
Pyrite -97.45 -116.42 -18.97 FeS2
Pyrochroite -7.30 8.80 16.09 Mn(OH)2
Pyrolusite -12.73 31.18 43.90 MnO2
Quartz 0.00 -4.21 -4.21 SiO2
Realgar -77.11 -98.05 -20.93 AsS
Rhodochrosite -1.85 -12.41 -10.56 MnCO3
Semetal(am) -6.07 -13.28 -7.21 Se
Semetal(hex -5.42 -13.28 -7.86 Se
SeO2 -13.50 -13.39 0.11 SeO2
SeO3 -51.59 -29.19 22.40 SeO3
Sepiolite -6.08 10.74 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -8.04 10.74 18.78 Mg2Si3O7.5OH:3H2O
Siderite -5.01 -15.10 -10.09 FeCO3
SiO2(am-gel) -1.37 -4.21 -2.84 SiO2
SiO2(am-ppt) -1.33 -4.21 -2.88 SiO2
Spinel -10.41 30.04 40.45 MgAl2O4
SrF2 -5.30 -13.92 -8.62 SrF2
SrHPO4 -4.12 -23.42 -19.30 SrHPO4
SrSeO3 -5.15 -2.85 2.30 SrSeO3
SrSeO4 -14.25 -18.65 -4.40 SrSeO4
Strengite -3.77 -30.08 -26.31 FePO4:2H2O
Strontianite -1.41 -10.68 -9.27 SrCO3
Sulfur -48.09 -50.08 -1.99 S
Thenardite -4.70 -4.30 0.41 Na2SO4
Thermonatrite -9.07 -8.34 0.73 Na2CO3:H2O
Vivianite -13.57 -49.57 -36.00 Fe3(PO4)2:8H2O
Witherite -5.63 -14.23 -8.61 BaCO3

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------
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Appendix C – 3. Beal Mountain RO Water Treatment Facility PHREEQC Modeling Data – End
of 2013, Modeling 20 MG Treated Water Discharged

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

Solution 1 - Beal Mtn 2013 End of Season, Assume Discharge 20 MG
pH 8.9
temp 10
Units mg/L
Alkalinity 194
As 0.712
Cl 1318
F 1.07
P 0.185
Se 0.536
Si 14.9
S(6) 9464
Al 0.114
Ba 0.0073
Ca 2139
Fe 4.26
Mg 61
Mn 0.28
Mo 0.639
K 67.9
Na 3817
Sr 15.48
EQUILIBRIUM_PHASES 1
Barite 0 0
Gypsum 0.25 10 #Assume 178% saturation towards end of

season
Calcite 0 0
Celestite 0 0
Ca3(PO4)2(beta) 0 0
Ferrihydrite 0 0
Fluorite 0 0
Gibbsite 0 0
Quartz 0 0
SiO2(am-gel) 0 0
SiO2(am-ppt) 0 0
SrF2 0 0
Strontianite 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 2013 End of Season, Assume Discharge 20 MG

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 4.299e-006 4.299e-006
Alkalinity 3.235e-003 3.235e-003
As 9.669e-006 9.669e-006
Ba 5.408e-008 5.408e-008
Ca 5.430e-002 5.430e-002
Cl 3.782e-002 3.782e-002
F 5.730e-005 5.730e-005
Fe 7.761e-005 7.761e-005
K 1.767e-003 1.767e-003
Mg 2.553e-003 2.553e-003
Mn 5.185e-006 5.185e-006
Mo 6.776e-006 6.776e-006
Na 1.689e-001 1.689e-001
P 6.077e-006 6.077e-006
S(6) 1.002e-001 1.002e-001
Se 6.906e-006 6.906e-006
Si 2.523e-004 2.523e-004
Sr 1.797e-004 1.797e-004
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----------------------------Description of solution----------------------------

pH = 8.900
pe = 4.000

Activity of water = 0.994
Ionic strength = 2.762e-001

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 2.476e-003

Total CO2 (mol/kg) = 2.476e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 4.324e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 11.34

Iterations = 11
Total H = 1.110169e+002
Total O = 5.591661e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.516e-006 2.413e-006 -5.454 -5.617 -0.163
H+ 1.699e-009 1.259e-009 -8.770 -8.900 -0.130
H2O 5.551e+001 9.945e-001 1.744 -0.002 0.000

Al 4.299e-006
Al(OH)4- 4.177e-006 2.973e-006 -5.379 -5.527 -0.148
Al(OH)3 1.203e-007 1.203e-007 -6.920 -6.920 0.000
Al(OH)2+ 1.037e-009 7.583e-010 -8.984 -9.120 -0.136
AlOH+2 1.509e-013 4.321e-014 -12.821 -13.364 -0.543
AlF2+ 9.462e-014 6.921e-014 -13.024 -13.160 -0.136
AlF3 3.204e-014 3.204e-014 -13.494 -13.494 0.000
AlF+2 1.772e-014 5.072e-015 -13.752 -14.295 -0.543
AlSO4+ 1.564e-015 1.113e-015 -14.806 -14.954 -0.148
AlF4- 8.368e-016 5.956e-016 -15.077 -15.225 -0.148
Al(SO4)2- 4.085e-016 2.908e-016 -15.389 -15.536 -0.148
Al+3 2.240e-016 1.509e-017 -15.650 -16.821 -1.172
AlMo6O21-3 0.000e+000 0.000e+000 -47.007 -49.360 -2.353

As(3) 5.037e-021
H3AsO3 3.560e-021 3.560e-021 -20.449 -20.449 0.000
H2AsO3- 1.474e-021 8.073e-022 -20.831 -21.093 -0.261
HAsO3-2 3.281e-024 2.952e-025 -23.484 -24.530 -1.046
AsO3-3 1.187e-027 5.262e-030 -26.925 -29.279 -2.353
H4AsO3+ 4.054e-030 2.220e-030 -29.392 -29.654 -0.261

As(5) 9.669e-006
HAsO4-2 9.319e-006 8.384e-007 -5.031 -6.077 -1.046
AsO4-3 3.304e-007 1.464e-009 -6.481 -8.834 -2.353
H2AsO4- 1.874e-008 1.026e-008 -7.727 -7.989 -0.261
H3AsO4 1.810e-015 1.929e-015 -14.742 -14.715 0.028

Ba 5.408e-008
Ba+2 5.374e-008 1.620e-008 -7.270 -7.790 -0.521
BaCO3 1.934e-010 1.934e-010 -9.714 -9.714 0.000
BaHCO3+ 1.467e-010 1.090e-010 -9.834 -9.963 -0.129
BaOH+ 2.122e-013 1.534e-013 -12.673 -12.814 -0.141

C(4) 2.476e-003
HCO3- 1.643e-003 1.202e-003 -2.784 -2.920 -0.136
CaCO3 2.956e-004 2.956e-004 -3.529 -3.529 0.000
CaHCO3+ 1.574e-004 1.170e-004 -3.803 -3.932 -0.129
NaCO3- 1.474e-004 1.078e-004 -3.831 -3.967 -0.136
CO3-2 1.087e-004 3.276e-005 -3.964 -4.485 -0.521
NaHCO3 1.037e-004 1.037e-004 -3.984 -3.984 0.000
MgCO3 8.771e-006 8.771e-006 -5.057 -5.057 0.000
MgHCO3+ 6.714e-006 4.697e-006 -5.173 -5.328 -0.155
H2CO3 4.139e-006 4.139e-006 -5.383 -5.383 0.000
SrHCO3+ 4.419e-007 3.284e-007 -6.355 -6.484 -0.129
SrCO3 3.966e-007 3.966e-007 -6.402 -6.402 0.000
MnHCO3+ 1.147e-008 8.297e-009 -7.940 -8.081 -0.141
BaCO3 1.934e-010 1.934e-010 -9.714 -9.714 0.000
BaHCO3+ 1.467e-010 1.090e-010 -9.834 -9.963 -0.129
FeHCO3+ 1.782e-011 1.324e-011 -10.749 -10.878 -0.129

Ca 5.430e-002
CaSO4 2.726e-002 2.726e-002 -1.564 -1.564 0.000
Ca+2 2.658e-002 8.013e-003 -1.576 -2.096 -0.521
CaCO3 2.956e-004 2.956e-004 -3.529 -3.529 0.000
CaHCO3+ 1.574e-004 1.170e-004 -3.803 -3.932 -0.129
CaF+ 3.326e-006 2.405e-006 -5.478 -5.619 -0.141
CaPO4- 2.543e-006 1.860e-006 -5.595 -5.730 -0.136
CaHPO4 1.238e-006 1.238e-006 -5.907 -5.907 0.000
CaOH+ 4.348e-007 3.231e-007 -6.362 -6.491 -0.129
CaH2PO4+ 1.756e-009 1.284e-009 -8.756 -8.891 -0.136

Cl 3.782e-002
Cl- 3.782e-002 2.803e-002 -1.422 -1.552 -0.130
MnCl+ 1.839e-008 1.330e-008 -7.735 -7.876 -0.141
MnCl2 5.264e-010 5.264e-010 -9.279 -9.279 0.000
MnCl3- 5.620e-012 4.064e-012 -11.250 -11.391 -0.141
FeCl+2 8.449e-019 2.309e-019 -18.073 -18.637 -0.563
FeCl2+ 6.536e-020 4.726e-020 -19.185 -19.326 -0.141
FeCl3 1.325e-022 1.325e-022 -21.878 -21.878 0.000

F 5.730e-005
F- 5.005e-005 3.709e-005 -4.301 -4.431 -0.130
CaF+ 3.326e-006 2.405e-006 -5.478 -5.619 -0.141
NaF 2.073e-006 2.073e-006 -5.683 -5.683 0.000
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MgF+ 1.842e-006 1.311e-006 -5.735 -5.882 -0.148
SrF+ 4.885e-009 2.675e-009 -8.311 -8.573 -0.261
MnF+ 6.084e-010 4.399e-010 -9.216 -9.357 -0.141
HF 5.198e-011 5.198e-011 -10.284 -10.284 0.000
AlF2+ 9.462e-014 6.921e-014 -13.024 -13.160 -0.136
AlF3 3.204e-014 3.204e-014 -13.494 -13.494 0.000
AlF+2 1.772e-014 5.072e-015 -13.752 -14.295 -0.543
HF2- 9.784e-015 6.715e-015 -14.010 -14.173 -0.163
AlF4- 8.368e-016 5.956e-016 -15.077 -15.225 -0.148
FeF+2 5.359e-017 1.465e-017 -16.271 -16.834 -0.563
FeF2+ 1.732e-017 1.252e-017 -16.762 -16.902 -0.141
FeF3 5.070e-019 5.070e-019 -18.295 -18.295 0.000
H2F2 1.278e-020 1.278e-020 -19.893 -19.893 0.000
SiF6-2 3.821e-035 1.044e-035 -34.418 -34.981 -0.563

Fe(2) 1.775e-008
Fe+2 1.329e-008 1.196e-009 -7.876 -8.922 -1.046
FeSO4 4.276e-009 4.276e-009 -8.369 -8.369 0.000
FeOH+ 1.589e-010 1.149e-010 -9.799 -9.940 -0.141
FeHCO3+ 1.782e-011 1.324e-011 -10.749 -10.878 -0.129
FeHPO4 1.509e-012 1.509e-012 -11.821 -11.821 0.000
Fe(OH)3- 5.583e-013 4.037e-013 -12.253 -12.394 -0.141
Fe(OH)2 1.856e-013 1.856e-013 -12.731 -12.731 0.000
FeH2PO4+ 5.160e-015 3.774e-015 -14.287 -14.423 -0.136

Fe(3) 7.759e-005
Fe(OH)4- 6.131e-005 4.485e-005 -4.212 -4.348 -0.136
Fe(OH)2+ 9.690e-006 7.088e-006 -5.014 -5.149 -0.136
Fe(OH)3 6.589e-006 6.589e-006 -5.181 -5.181 0.000
FeOH+2 3.429e-012 9.374e-013 -11.465 -12.028 -0.563
FeHPO4+ 3.068e-015 2.244e-015 -14.513 -14.649 -0.136
FeSO4+ 7.012e-017 5.070e-017 -16.154 -16.295 -0.141
FeF+2 5.359e-017 1.465e-017 -16.271 -16.834 -0.563
Fe(SO4)2- 3.872e-017 2.121e-017 -16.412 -16.673 -0.261
FeF2+ 1.732e-017 1.252e-017 -16.762 -16.902 -0.141
Fe+3 6.621e-018 4.460e-019 -17.179 -18.351 -1.172
FeCl+2 8.449e-019 2.309e-019 -18.073 -18.637 -0.563
Fe2(OH)2+4 7.743e-019 5.071e-023 -18.111 -22.295 -4.184
FeF3 5.070e-019 5.070e-019 -18.295 -18.295 0.000
FeCl2+ 6.536e-020 4.726e-020 -19.185 -19.326 -0.141
Fe3(OH)4+5 1.521e-020 4.415e-027 -19.818 -26.355 -6.537
FeHSeO3+2 1.588e-021 1.428e-022 -20.799 -21.845 -1.046
FeH2PO4+2 1.863e-022 5.334e-023 -21.730 -22.273 -0.543
FeCl3 1.325e-022 1.325e-022 -21.878 -21.878 0.000

H(0) 2.464e-029
H2 1.232e-029 1.313e-029 -28.909 -28.882 0.028

K 1.767e-003
K+ 1.587e-003 1.176e-003 -2.800 -2.930 -0.130
KSO4- 1.802e-004 1.318e-004 -3.744 -3.880 -0.136
KHPO4- 3.866e-009 2.828e-009 -8.413 -8.549 -0.136

Mg 2.553e-003
Mg+2 1.380e-003 4.160e-004 -2.860 -3.381 -0.521
MgSO4 1.156e-003 1.156e-003 -2.937 -2.937 0.000
MgCO3 8.771e-006 8.771e-006 -5.057 -5.057 0.000
MgHCO3+ 6.714e-006 4.697e-006 -5.173 -5.328 -0.155
MgF+ 1.842e-006 1.311e-006 -5.735 -5.882 -0.148
MgOH+ 4.112e-007 3.093e-007 -6.386 -6.510 -0.124
MgHPO4 8.874e-008 8.874e-008 -7.052 -7.052 0.000
MgPO4- 2.064e-009 1.510e-009 -8.685 -8.821 -0.136
MgH2PO4+ 1.908e-010 1.396e-010 -9.719 -9.855 -0.136

Mn(2) 5.185e-006
Mn+2 4.189e-006 3.769e-007 -5.378 -6.424 -1.046
MnSO4 9.619e-007 9.619e-007 -6.017 -6.017 0.000
MnCl+ 1.839e-008 1.330e-008 -7.735 -7.876 -0.141
MnHCO3+ 1.147e-008 8.297e-009 -7.940 -8.081 -0.141
MnOH+ 3.160e-009 2.285e-009 -8.500 -8.641 -0.141
MnF+ 6.084e-010 4.399e-010 -9.216 -9.357 -0.141
MnCl2 5.264e-010 5.264e-010 -9.279 -9.279 0.000
MnCl3- 5.620e-012 4.064e-012 -11.250 -11.391 -0.141
MnSeO4 5.177e-015 5.177e-015 -14.286 -14.286 0.000
Mn(OH)3- 4.072e-015 2.944e-015 -14.390 -14.531 -0.141
Mn(OH)4-2 2.766e-019 7.561e-020 -18.558 -19.121 -0.563
MnSe 0.000e+000 0.000e+000 -42.126 -42.126 0.000

Mn(3) 2.496e-028
Mn+3 2.496e-028 1.682e-029 -27.603 -28.774 -1.172

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -43.691 -44.255 -0.563

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -50.490 -50.662 -0.173

Mo 6.776e-006
MoO4-2 6.776e-006 2.043e-006 -5.169 -5.690 -0.521
HMoO4- 6.095e-011 3.338e-011 -10.215 -10.477 -0.261
H2MoO4 8.226e-016 8.226e-016 -15.085 -15.085 0.000
Mo7O24-6 0.000e+000 0.000e+000 -46.499 -55.912 -9.414
AlMo6O21-3 0.000e+000 0.000e+000 -47.007 -49.360 -2.353
HMo7O24-5 0.000e+000 0.000e+000 -51.981 -58.518 -6.537
H2Mo7O24-4 0.000e+000 0.000e+000 -58.480 -62.664 -4.184
H3Mo7O24-3 0.000e+000 0.000e+000 -65.946 -68.299 -2.353

Na 1.689e-001
Na+ 1.544e-001 1.144e-001 -0.811 -0.941 -0.130
NaSO4- 1.422e-002 1.040e-002 -1.847 -1.983 -0.136
NaCO3- 1.474e-004 1.078e-004 -3.831 -3.967 -0.136
NaHCO3 1.037e-004 1.037e-004 -3.984 -3.984 0.000
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NaF 2.073e-006 2.073e-006 -5.683 -5.683 0.000
NaHPO4- 5.829e-007 4.264e-007 -6.234 -6.370 -0.136

O(0) 2.568e-039
O2 1.284e-039 1.368e-039 -38.891 -38.864 0.028

P 6.077e-006
CaPO4- 2.543e-006 1.860e-006 -5.595 -5.730 -0.136
HPO4-2 1.598e-006 4.369e-007 -5.796 -6.360 -0.563
CaHPO4 1.238e-006 1.238e-006 -5.907 -5.907 0.000
NaHPO4- 5.829e-007 4.264e-007 -6.234 -6.370 -0.136
MgHPO4 8.874e-008 8.874e-008 -7.052 -7.052 0.000
H2PO4- 1.265e-008 9.252e-009 -7.898 -8.034 -0.136
KHPO4- 3.866e-009 2.828e-009 -8.413 -8.549 -0.136
SrHPO4 2.868e-009 2.868e-009 -8.542 -8.542 0.000
MgPO4- 2.064e-009 1.510e-009 -8.685 -8.821 -0.136
CaH2PO4+ 1.756e-009 1.284e-009 -8.756 -8.891 -0.136
PO4-3 1.577e-009 1.062e-010 -8.802 -9.974 -1.172
MgH2PO4+ 1.908e-010 1.396e-010 -9.719 -9.855 -0.136
SrH2PO4+ 2.229e-012 1.221e-012 -11.652 -11.913 -0.261
FeHPO4 1.509e-012 1.509e-012 -11.821 -11.821 0.000
FeH2PO4+ 5.160e-015 3.774e-015 -14.287 -14.423 -0.136
FeHPO4+ 3.068e-015 2.244e-015 -14.513 -14.649 -0.136
H3PO4 1.383e-015 1.383e-015 -14.859 -14.859 0.000
FeH2PO4+2 1.863e-022 5.334e-023 -21.730 -22.273 -0.543

S(6) 1.002e-001
SO4-2 5.733e-002 1.729e-002 -1.242 -1.762 -0.521
CaSO4 2.726e-002 2.726e-002 -1.564 -1.564 0.000
NaSO4- 1.422e-002 1.040e-002 -1.847 -1.983 -0.136
MgSO4 1.156e-003 1.156e-003 -2.937 -2.937 0.000
KSO4- 1.802e-004 1.318e-004 -3.744 -3.880 -0.136
SrSO4 8.356e-005 8.356e-005 -4.078 -4.078 0.000
MnSO4 9.619e-007 9.619e-007 -6.017 -6.017 0.000
FeSO4 4.276e-009 4.276e-009 -8.369 -8.369 0.000
HSO4- 1.867e-009 1.329e-009 -8.729 -8.877 -0.148
AlSO4+ 1.564e-015 1.113e-015 -14.806 -14.954 -0.148
Al(SO4)2- 4.085e-016 2.908e-016 -15.389 -15.536 -0.148
FeSO4+ 7.012e-017 5.070e-017 -16.154 -16.295 -0.141
Fe(SO4)2- 3.872e-017 2.121e-017 -16.412 -16.673 -0.261

Se(-2) 1.107e-039
HSe- 1.107e-039 6.063e-040 -38.956 -39.217 -0.261
MnSe 0.000e+000 0.000e+000 -42.126 -42.126 0.000
H2Se 0.000e+000 0.000e+000 -44.258 -44.258 0.000
Se-2 0.000e+000 0.000e+000 -44.718 -45.764 -1.046

Se(4) 6.906e-006
SeO3-2 6.529e-006 5.873e-007 -5.185 -6.231 -1.046
HSeO3- 3.775e-007 2.068e-007 -6.423 -6.685 -0.261
H2SeO3 9.726e-014 9.726e-014 -13.012 -13.012 0.000
FeHSeO3+2 1.588e-021 1.428e-022 -20.799 -21.845 -1.046

Se(6) 2.283e-010
SeO4-2 2.283e-010 6.883e-011 -9.642 -10.162 -0.521
MnSeO4 5.177e-015 5.177e-015 -14.286 -14.286 0.000
HSeO4- 4.851e-018 2.657e-018 -17.314 -17.576 -0.261

Si 2.523e-004
H4SiO4 2.265e-004 2.413e-004 -3.645 -3.617 0.028
H3SiO4- 2.583e-005 1.807e-005 -4.588 -4.743 -0.155
H2SiO4-2 1.318e-009 3.771e-010 -8.880 -9.423 -0.543
SiF6-2 3.821e-035 1.044e-035 -34.418 -34.981 -0.563

Sr 1.797e-004
Sr+2 9.534e-005 2.875e-005 -4.021 -4.541 -0.521
SrSO4 8.356e-005 8.356e-005 -4.078 -4.078 0.000
SrHCO3+ 4.419e-007 3.284e-007 -6.355 -6.484 -0.129
SrCO3 3.966e-007 3.966e-007 -6.402 -6.402 0.000
SrF+ 4.885e-009 2.675e-009 -8.311 -8.573 -0.261
SrHPO4 2.868e-009 2.868e-009 -8.542 -8.542 0.000
SrOH+ 5.697e-010 4.119e-010 -9.244 -9.385 -0.141
SrH2PO4+ 2.229e-012 1.221e-012 -11.652 -11.913 -0.261

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -1.96 9.87 11.83 Al(OH)3
Al2(MoO4)3 -55.50 -50.71 4.79 Al2(MoO4)3
Al2O3 -2.30 19.75 22.05 Al2O3
Al4(OH)10SO4 -2.77 19.93 22.70 Al4(OH)10SO4
AlAsO4:2H2O -9.64 -4.84 4.80 AlAsO4:2H2O
AlOHSO4 -6.46 -9.69 -3.23 AlOHSO4
Alunite -4.08 -3.53 0.55 KAl3(SO4)2(OH)6
Anhydrite 0.43 -3.86 -4.29 CaSO4
Aragonite 1.61 -6.58 -8.19 CaCO3
Arsenolite -78.46 -81.78 -3.32 As4O6
Artinite -4.17 6.54 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -36.34 -29.42 6.92 As2O5
Ba(OH)2:8H2O -14.91 9.99 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 9.61 0.60 -9.01 Ba3(AsO4)2
BaF2 -10.79 -16.65 -5.86 BaF2
BaHPO4 -6.89 -26.66 -19.77 BaHPO4
BaMoO4 -6.42 -13.48 -7.06 BaMoO4
Barite 0.64 -9.55 -10.19 BaSO4
BaSeO3 -7.29 -5.57 1.72 BaSeO3
BaSeO4 -10.29 -17.95 -7.66 BaSeO4
Birnessite -7.27 10.82 18.09 MnO2



42

Bixbyite -4.67 -4.16 0.51 Mn2O3
Boehmite 0.20 9.87 9.67 AlOOH
Brucite -3.49 14.41 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -4.63 17.67 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) 3.18 -26.24 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -0.13 -47.21 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.41 -20.97 -19.56 CaHPO4
CaHPO4:2H2O -1.77 -20.97 -19.21 CaHPO4:2H2O
Calcite 1.82 -6.58 -8.41 CaCO3
CaMoO4 0.15 -7.79 -7.93 CaMoO4
CaSeO3:2H2O -2.88 0.11 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.32 -12.26 -2.94 CaSeO4:2H2O
Celestite 0.33 -6.30 -6.64 SrSO4
CH4(g) -82.05 -125.48 -43.43 CH4
Chalcedony 0.12 -3.61 -3.73 SiO2
Chrysotile 2.00 36.02 34.02 Mg3Si2O5(OH)4
Claudetite -78.20 -81.78 -3.58 As4O6
CO2(g) -4.10 -22.28 -18.18 CO2
Cristobalite -0.08 -3.61 -3.54 SiO2
Cryolite -12.04 -46.23 -34.19 Na3AlF6
Diaspore 2.04 9.87 7.83 AlOOH
Dolomite(disordered) 1.66 -14.45 -16.11 CaMg(CO3)2
Dolomite(ordered) 2.28 -14.45 -16.72 CaMg(CO3)2
Epsomite -2.93 -5.16 -2.23 MgSO4:7H2O
FCO3Apatite 31.33 -84.60 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -4.69 8.87 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 8.25 5.21 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -0.45 1.10 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -9.43 -30.06 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -40.50 -41.99 -1.49 Fe2(SO4)3
Fe3(OH)8 5.34 25.56 20.22 Fe3(OH)8
FeAsO4:2H2O -6.77 -6.37 0.40 FeAsO4:2H2O
FeMoO4 -4.62 -14.61 -9.99 FeMoO4
Ferrihydrite 4.47 8.34 3.87 Fe(OH)3
Ferroselite -42.52 -61.56 -19.03 FeSe2
FeSe -28.22 -39.24 -11.02 FeSe
Fluorite -0.38 -10.96 -10.57 CaF2
Gibbsite 0.70 9.87 9.18 Al(OH)3
Goethite 7.29 8.34 1.05 FeOOH
Greenalite -1.41 19.40 20.81 Fe3Si2O5(OH)4
Gypsum 0.76 -3.86 -4.62 CaSO4:2H2O
H-Jarosite -4.13 -14.09 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -10.16 -23.49 -13.33 H2MoO4
H2Se(g) -43.30 -48.12 -4.82 H2Se
Halite -4.06 -2.49 1.57 NaCl
Halloysite 1.26 12.52 11.26 Al2Si2O5(OH)4
Hausmannite -5.02 59.92 64.94 Mn3O4
Hematite 16.91 16.69 -0.22 Fe2O3
Hercynite 2.82 28.63 25.81 FeAl2O4
Huntite -1.21 -30.18 -28.97 CaMg3(CO3)4
Hydromagnesite -10.32 -17.06 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 12.83 -31.50 -44.33 Ca5(PO4)3OH
K-Alum -17.85 -23.30 -5.45 KAl(SO4)2:12H2O
K-Jarosite 5.46 -8.12 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -14.84 -11.55 3.29 K2MoO4
K2SeO4 -15.29 -16.02 -0.73 K2SeO4
Kaolinite 3.71 12.52 8.81 Al2Si2O5(OH)4
Lepidocrocite 6.97 8.34 1.37 FeOOH
Lime -18.80 15.70 34.50 CaO
Maghemite 10.31 16.69 6.39 Fe2O3
Magnesioferrite 11.66 31.11 19.45 Fe2MgO4
Magnesite -0.22 -7.87 -7.65 MgCO3
Magnetite 20.23 25.57 5.34 Fe3O4
Manganite -1.07 24.27 25.34 MnOOH
Melanterite -8.30 -10.70 -2.40 FeSO4:7H2O
Mg(OH)2(active) -4.38 14.41 18.79 Mg(OH)2
Mg3(PO4)2 -6.81 -30.09 -23.28 Mg3(PO4)2
MgF2 -4.19 -12.24 -8.06 MgF2
MgHPO4:3H2O -4.09 -22.26 -18.18 MgHPO4:3H2O
MgMoO4 -7.22 -9.07 -1.85 MgMoO4
MgSeO3:6H2O -4.19 -1.18 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.36 -13.56 -1.20 MgSeO4:6H2O
Mirabilite -1.82 -3.67 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -58.64 -62.84 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -7.82 4.68 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -15.31 -39.22 -23.91 Mn3(PO4)2
MnCl2:4H2O -12.35 -9.54 2.82 MnCl2:4H2O
MnHPO4 0.10 -25.30 -25.40 MnHPO4
MnSe -41.15 -36.74 4.41 MnSe
MnSeO3 -5.34 -4.21 1.13 MnSeO3
MnSeO3:2H2O -5.12 -4.21 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.55 -16.60 -2.05 MnSeO4:5H2O
MnSO4 -11.37 -8.19 3.18 MnSO4
MoO3 -15.49 -23.49 -8.00 MoO3
Na-Jarosite 3.66 -6.13 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -13.94 -31.06 -17.12 Na2Mo2O7
Na2MoO4 -9.16 -7.57 1.58 Na2MoO4
Na2MoO4:2H2O -8.80 -7.58 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -9.98 0.32 10.30 Na2SeO3:5H2O
Na2SeO4 -13.33 -12.05 1.28 Na2SeO4
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Natron -4.47 -6.39 -1.92 Na2CO3:10H2O
Nesquehonite -3.43 -7.87 -4.45 MgCO3:3H2O
Nsutite -6.68 10.82 17.50 MnO2
O2(g) -36.80 51.60 88.39 O2
Periclase -8.57 14.42 22.99 MgO
Portlandite -8.30 15.70 24.00 Ca(OH)2
Pyrochroite -4.72 11.37 16.09 Mn(OH)2
Pyrolusite -6.73 37.17 43.90 MnO2
Quartz 0.59 -3.61 -4.21 SiO2
Rhodochrosite -0.35 -10.91 -10.56 MnCO3
Semetal(am) -15.11 -22.32 -7.21 Se
Semetal(hex -14.46 -22.32 -7.86 Se
SeO2 -15.69 -15.58 0.11 SeO2
SeO3 -50.36 -27.96 22.40 SeO3
Sepiolite 1.17 17.99 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -0.79 17.99 18.78 Mg2Si3O7.5OH:3H2O
Siderite -3.32 -13.41 -10.09 FeCO3
SiO2(am-gel) -0.77 -3.61 -2.84 SiO2
SiO2(am-ppt) -0.73 -3.61 -2.88 SiO2
Spinel -6.28 34.17 40.45 MgAl2O4
SrF2 -4.79 -13.40 -8.62 SrF2
SrHPO4 -4.12 -23.42 -19.30 SrHPO4
SrSeO3 -4.63 -2.33 2.30 SrSeO3
SrSeO4 -10.30 -14.70 -4.40 SrSeO4
Strengite -2.02 -28.33 -26.31 FePO4:2H2O
Strontianite 0.24 -9.03 -9.27 SrCO3
Thenardite -4.05 -3.65 0.41 Na2SO4
Thermonatrite -7.10 -6.37 0.73 Na2CO3:H2O
Vivianite -10.73 -46.73 -36.00 Fe3(PO4)2:8H2O
Witherite -3.67 -12.28 -8.61 BaCO3

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 2013 End of Season, Assume Discharge 20 MG
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Barite 0.00 -10.19 -10.19 0.000e+000 3.931e-008 3.931e-008
Ca3(PO4)2(beta) -0.19 -29.61 -29.42 0.000e+000 0 0.000e+000
Calcite 0.00 -8.41 -8.41 0.000e+000 7.271e-004 7.271e-004
Celestite 0.00 -6.64 -6.64 0.000e+000 8.802e-005 8.802e-005
Ferrihydrite -0.00 3.87 3.87 0.000e+000 7.758e-005 7.758e-005
Fluorite -0.76 -11.33 -10.57 0.000e+000 0 0.000e+000
Gibbsite 0.00 9.18 9.18 0.000e+000 4.235e-006 4.235e-006
Gypsum 0.25 -4.37 -4.62 1.000e+001 1.004e+001 3.511e-002
Quartz 0.00 -4.21 -4.21 0.000e+000 1.937e-004 1.937e-004
SiO2(am-gel) -1.37 -4.21 -2.84 0.000e+000 0 0.000e+000
SiO2(am-ppt) -1.33 -4.21 -2.88 0.000e+000 0 0.000e+000
SrF2 -4.99 -13.60 -8.62 0.000e+000 0 0.000e+000
Strontianite -1.41 -10.68 -9.27 0.000e+000 0 0.000e+000

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 6.399e-008 6.391e-008
As 9.681e-006 9.669e-006
Ba 1.479e-008 1.478e-008
C 1.751e-003 1.749e-003
Ca 1.849e-002 1.846e-002
Cl 3.787e-002 3.782e-002
F 5.737e-005 5.730e-005
Fe 2.534e-008 2.530e-008
K 1.769e-003 1.767e-003
Mg 2.557e-003 2.553e-003
Mn 5.192e-006 5.185e-006
Mo 6.785e-006 6.776e-006
Na 1.691e-001 1.689e-001
P 6.084e-006 6.077e-006
S 6.512e-002 6.503e-002
Se 6.915e-006 6.906e-006
Si 5.872e-005 5.865e-005
Sr 9.184e-005 9.173e-005

----------------------------Description of solution----------------------------

pH = 7.920 Charge balance
pe = 3.562 Adjusted to redox

equilibrium
Activity of water = 0.995

Ionic strength = 2.160e-001
Mass of water (kg) = 9.987e-001

Total alkalinity (eq/kg) = 1.692e-003
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Total CO2 (mol/kg) = 1.751e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 4.324e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 13.48

Iterations = 26
Total H = 1.108762e+002
Total O = 5.570279e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.425e-007 1.006e-007 -6.846 -6.997 -0.151
H+ 4.035e-008 3.022e-008 -7.394 -7.520 -0.126
H2O 5.551e+001 9.953e-001 1.744 -0.002 0.000

Al 6.399e-008
Al(OH)4- 3.434e-008 2.502e-008 -7.464 -7.602 -0.137
Al(OH)3 2.428e-008 2.428e-008 -7.615 -7.615 0.000
Al(OH)2+ 4.918e-009 3.670e-009 -8.308 -8.435 -0.127
AlF2+ 2.811e-010 2.097e-010 -9.551 -9.678 -0.127
AlF3 1.013e-010 1.013e-010 -9.994 -9.994 0.000
AlF+2 4.753e-011 1.473e-011 -10.323 -10.832 -0.509
AlOH+2 1.618e-011 5.014e-012 -10.791 -11.300 -0.509
AlSO4+ 3.396e-012 2.474e-012 -11.469 -11.607 -0.137
AlF4- 2.697e-012 1.965e-012 -11.569 -11.707 -0.137
Al(SO4)2- 7.088e-013 5.164e-013 -12.149 -12.287 -0.137
Al+3 5.673e-013 4.200e-014 -12.246 -13.377 -1.131
AlMo6O21-3 3.615e-036 2.999e-038 -35.442 -37.523 -2.081

As(3) 1.169e-014
H3AsO3 1.151e-014 1.151e-014 -13.939 -13.939 0.000
H2AsO3- 1.852e-016 1.087e-016 -15.732 -15.964 -0.231
HAsO3-2 1.394e-020 1.657e-021 -19.856 -20.781 -0.925
H4AsO3+ 2.935e-022 1.723e-022 -21.532 -21.764 -0.231
AsO3-3 1.483e-025 1.230e-027 -24.829 -26.910 -2.081

As(5) 9.681e-006
HAsO4-2 9.128e-006 1.085e-006 -5.040 -5.965 -0.925
H2AsO4- 5.430e-007 3.188e-007 -6.265 -6.496 -0.231
AsO4-3 9.518e-009 7.896e-011 -8.021 -10.103 -2.081
H3AsO4 1.369e-012 1.438e-012 -11.864 -11.842 0.022

Ba 1.479e-008
Ba+2 1.475e-008 4.639e-009 -7.831 -8.334 -0.502
BaHCO3+ 3.801e-011 2.876e-011 -10.420 -10.541 -0.121
BaCO3 2.126e-012 2.126e-012 -11.672 -11.672 0.000
BaOH+ 2.479e-015 1.831e-015 -14.606 -14.737 -0.132

C(4) 1.751e-003
HCO3- 1.484e-003 1.107e-003 -2.829 -2.956 -0.127
NaHCO3 9.852e-005 9.852e-005 -4.006 -4.006 0.000
H2CO3 9.154e-005 9.154e-005 -4.038 -4.038 0.000
CaHCO3+ 5.553e-005 4.201e-005 -4.255 -4.377 -0.121
MgHCO3+ 6.836e-006 4.907e-006 -5.165 -5.309 -0.144
NaCO3- 5.720e-006 4.268e-006 -5.243 -5.370 -0.127
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CO3-2 4.000e-006 1.258e-006 -5.398 -5.900 -0.502
MgCO3 3.818e-007 3.818e-007 -6.418 -6.418 0.000
SrHCO3+ 2.316e-007 1.752e-007 -6.635 -6.756 -0.121
MnHCO3+ 1.354e-008 1.000e-008 -7.868 -8.000 -0.132
SrCO3 8.816e-009 8.816e-009 -8.055 -8.055 0.000
BaHCO3+ 3.801e-011 2.876e-011 -10.420 -10.541 -0.121
FeHCO3+ 2.068e-011 1.565e-011 -10.684 -10.806 -0.121
BaCO3 2.126e-012 2.126e-012 -11.672 -11.672 0.000

Ca 1.849e-002
Ca+2 9.935e-003 3.124e-003 -2.003 -2.505 -0.502
CaSO4 8.490e-003 8.490e-003 -2.071 -2.071 0.000
CaHCO3+ 5.553e-005 4.201e-005 -4.255 -4.377 -0.121
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CaF+ 1.324e-006 9.783e-007 -5.878 -6.010 -0.132
CaHPO4 9.773e-007 9.773e-007 -6.010 -6.010 0.000
CaPO4- 8.199e-008 6.118e-008 -7.086 -7.213 -0.127
CaH2PO4+ 3.261e-008 2.433e-008 -7.487 -7.614 -0.127
CaOH+ 6.942e-009 5.253e-009 -8.158 -8.280 -0.121

Cl 3.787e-002
Cl- 3.787e-002 2.836e-002 -1.422 -1.547 -0.126
MnCl+ 2.383e-008 1.760e-008 -7.623 -7.754 -0.132
MnCl2 7.050e-010 7.050e-010 -9.152 -9.152 0.000
MnCl3- 7.455e-012 5.506e-012 -11.128 -11.259 -0.132
FeCl+2 3.667e-019 1.092e-019 -18.436 -18.962 -0.526
FeCl2+ 3.060e-020 2.260e-020 -19.514 -19.646 -0.132
FeCl3 6.410e-023 6.410e-023 -22.193 -22.193 0.000

F 5.737e-005
F- 5.168e-005 3.870e-005 -4.287 -4.412 -0.126
NaF 2.229e-006 2.229e-006 -5.652 -5.652 0.000
MgF+ 2.129e-006 1.551e-006 -5.672 -5.809 -0.137
CaF+ 1.324e-006 9.783e-007 -5.878 -6.010 -0.132
SrF+ 2.753e-009 1.616e-009 -8.560 -8.791 -0.231
HF 1.302e-009 1.302e-009 -8.885 -8.885 0.000
MnF+ 8.129e-010 6.005e-010 -9.090 -9.222 -0.132
AlF2+ 2.811e-010 2.097e-010 -9.551 -9.678 -0.127
AlF3 1.013e-010 1.013e-010 -9.994 -9.994 0.000
AlF+2 4.753e-011 1.473e-011 -10.323 -10.832 -0.509
AlF4- 2.697e-012 1.965e-012 -11.569 -11.707 -0.137
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HF2- 2.485e-013 1.755e-013 -12.605 -12.756 -0.151
FeF+2 2.399e-017 7.141e-018 -16.620 -17.146 -0.526
FeF2+ 8.622e-018 6.368e-018 -17.064 -17.196 -0.132
H2F2 8.016e-018 8.016e-018 -17.096 -17.096 0.000
FeF3 2.691e-019 2.691e-019 -18.570 -18.570 0.000
SiF6-2 3.813e-030 1.135e-030 -29.419 -29.945 -0.526

Fe(2) 1.731e-008
Fe+2 1.290e-008 1.533e-009 -7.889 -8.814 -0.925
FeSO4 4.380e-009 4.380e-009 -8.359 -8.359 0.000
FeHCO3+ 2.068e-011 1.565e-011 -10.684 -10.806 -0.121
FeOH+ 8.316e-012 6.143e-012 -11.080 -11.212 -0.132
FeHPO4 3.919e-012 3.919e-012 -11.407 -11.407 0.000
FeH2PO4+ 3.152e-013 2.352e-013 -12.501 -12.629 -0.127
Fe(OH)2 4.139e-016 4.139e-016 -15.383 -15.383 0.000
Fe(OH)3- 5.081e-017 3.753e-017 -16.294 -16.426 -0.132
Fe(HS)2 0.000e+000 0.000e+000 -127.471 -127.471 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -189.007 -189.238 -0.231

Fe(3) 8.025e-009
Fe(OH)2+ 7.717e-009 5.758e-009 -8.113 -8.240 -0.127
Fe(OH)3 2.232e-010 2.232e-010 -9.651 -9.651 0.000
Fe(OH)4- 8.489e-011 6.334e-011 -10.071 -10.198 -0.127
FeOH+2 6.134e-014 1.826e-014 -13.212 -13.738 -0.526
FeHPO4+ 2.844e-015 2.122e-015 -14.546 -14.673 -0.127
FeSO4+ 2.562e-017 1.892e-017 -16.591 -16.723 -0.132
FeF+2 2.399e-017 7.141e-018 -16.620 -17.146 -0.526
Fe(SO4)2- 1.077e-017 6.323e-018 -16.968 -17.199 -0.231
FeF2+ 8.622e-018 6.368e-018 -17.064 -17.196 -0.132
Fe+3 2.815e-018 2.084e-019 -17.551 -18.681 -1.131
FeCl+2 3.667e-019 1.092e-019 -18.436 -18.962 -0.526
FeF3 2.691e-019 2.691e-019 -18.570 -18.570 0.000
FeCl2+ 3.060e-020 2.260e-020 -19.514 -19.646 -0.132
FeHSeO3+2 6.957e-021 8.269e-022 -20.158 -21.083 -0.925
FeH2PO4+2 3.907e-021 1.211e-021 -20.408 -20.917 -0.509
Fe2(OH)2+4 9.641e-023 1.925e-026 -22.016 -25.716 -3.700
FeCl3 6.410e-023 6.410e-023 -22.193 -22.193 0.000
Fe3(OH)4+5 8.218e-028 1.361e-033 -27.085 -32.866 -5.781

H(0) 1.084e-025
H2 5.422e-026 5.699e-026 -25.266 -25.244 0.022

K 1.769e-003
K+ 1.623e-003 1.215e-003 -2.790 -2.915 -0.126
KSO4- 1.459e-004 1.088e-004 -3.836 -3.963 -0.127
KHPO4- 7.933e-009 5.919e-009 -8.101 -8.228 -0.127

Mg 2.557e-003
Mg+2 1.500e-003 4.717e-004 -2.824 -3.326 -0.502
MgSO4 1.047e-003 1.047e-003 -2.980 -2.980 0.000
MgHCO3+ 6.836e-006 4.907e-006 -5.165 -5.309 -0.144
MgF+ 2.129e-006 1.551e-006 -5.672 -5.809 -0.137
MgCO3 3.818e-007 3.818e-007 -6.418 -6.418 0.000
MgHPO4 2.037e-007 2.037e-007 -6.691 -6.691 0.000
MgOH+ 1.912e-008 1.462e-008 -7.718 -7.835 -0.116
MgH2PO4+ 1.031e-008 7.691e-009 -7.987 -8.114 -0.127
MgPO4- 1.935e-010 1.444e-010 -9.713 -9.840 -0.127

Mn(2) 5.192e-006
Mn+2 4.148e-006 4.930e-007 -5.382 -6.307 -0.925
MnSO4 1.005e-006 1.005e-006 -5.998 -5.998 0.000
MnCl+ 2.383e-008 1.760e-008 -7.623 -7.754 -0.132
MnHCO3+ 1.354e-008 1.000e-008 -7.868 -8.000 -0.132
MnF+ 8.129e-010 6.005e-010 -9.090 -9.222 -0.132
MnCl2 7.050e-010 7.050e-010 -9.152 -9.152 0.000
MnOH+ 1.687e-010 1.246e-010 -9.773 -9.904 -0.132
MnCl3- 7.455e-012 5.506e-012 -11.128 -11.259 -0.132
MnSeO4 8.064e-019 8.064e-019 -18.093 -18.093 0.000
Mn(OH)3- 3.780e-019 2.792e-019 -18.422 -18.554 -0.132
Mn(OH)4-2 1.004e-024 2.990e-025 -23.998 -24.524 -0.526
MnSe 4.119e-032 4.119e-032 -31.385 -31.385 0.000

Mn(3) 1.083e-028
Mn+3 1.083e-028 8.015e-030 -27.965 -29.096 -1.131

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -56.406 -56.932 -0.526

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -63.620 -63.779 -0.159

Mo 6.785e-006
MoO4-2 6.783e-006 2.133e-006 -5.169 -5.671 -0.502
HMoO4- 1.424e-009 8.364e-010 -8.846 -9.078 -0.231
H2MoO4 4.947e-013 4.947e-013 -12.306 -12.306 0.000
AlMo6O21-3 3.615e-036 2.999e-038 -35.442 -37.523 -2.081
Mo7O24-6 3.831e-037 0.000e+000 -36.417 -44.741 -8.325
HMo7O24-5 0.000e+000 0.000e+000 -40.186 -45.967 -5.781
H2Mo7O24-4 0.000e+000 0.000e+000 -45.033 -48.732 -3.700
H3Mo7O24-3 0.000e+000 0.000e+000 -50.906 -52.988 -2.081

Na 1.691e-001
Na+ 1.575e-001 1.180e-001 -0.803 -0.928 -0.126
NaSO4- 1.148e-002 8.563e-003 -1.940 -2.067 -0.127
NaHCO3 9.852e-005 9.852e-005 -4.006 -4.006 0.000
NaCO3- 5.720e-006 4.268e-006 -5.243 -5.370 -0.127
NaF 2.229e-006 2.229e-006 -5.652 -5.652 0.000
NaHPO4- 1.193e-006 8.899e-007 -5.924 -6.051 -0.127

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -46.160 -46.138 0.022

P 6.084e-006
HPO4-2 2.972e-006 8.846e-007 -5.527 -6.053 -0.526
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NaHPO4- 1.193e-006 8.899e-007 -5.924 -6.051 -0.127
CaHPO4 9.773e-007 9.773e-007 -6.010 -6.010 0.000
H2PO4- 6.026e-007 4.496e-007 -6.220 -6.347 -0.127
MgHPO4 2.037e-007 2.037e-007 -6.691 -6.691 0.000
CaPO4- 8.199e-008 6.118e-008 -7.086 -7.213 -0.127
CaH2PO4+ 3.261e-008 2.433e-008 -7.487 -7.614 -0.127
MgH2PO4+ 1.031e-008 7.691e-009 -7.987 -8.114 -0.127
KHPO4- 7.933e-009 5.919e-009 -8.101 -8.228 -0.127
SrHPO4 3.362e-009 3.362e-009 -8.473 -8.473 0.000
MgPO4- 1.935e-010 1.444e-010 -9.713 -9.840 -0.127
PO4-3 1.210e-010 8.959e-012 -9.917 -11.048 -1.131
SrH2PO4+ 5.851e-011 3.436e-011 -10.233 -10.464 -0.231
FeHPO4 3.919e-012 3.919e-012 -11.407 -11.407 0.000
H3PO4 1.614e-012 1.614e-012 -11.792 -11.792 0.000
FeH2PO4+ 3.152e-013 2.352e-013 -12.501 -12.629 -0.127
FeHPO4+ 2.844e-015 2.122e-015 -14.546 -14.673 -0.127
FeH2PO4+2 3.907e-021 1.211e-021 -20.408 -20.917 -0.509

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -63.572 -63.803 -0.231
H2S 0.000e+000 0.000e+000 -64.099 -64.099 0.000
S5-2 0.000e+000 0.000e+000 -65.073 -65.998 -0.925
S6-2 0.000e+000 0.000e+000 -65.240 -66.165 -0.925
S4-2 0.000e+000 0.000e+000 -65.684 -66.609 -0.925
S3-2 0.000e+000 0.000e+000 -66.517 -67.442 -0.925
S2-2 0.000e+000 0.000e+000 -67.572 -68.497 -0.925
S-2 0.000e+000 0.000e+000 -73.516 -74.042 -0.526
Fe(HS)2 0.000e+000 0.000e+000 -127.471 -127.471 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -189.007 -189.238 -0.231

S(6) 6.512e-002
SO4-2 4.392e-002 1.381e-002 -1.357 -1.860 -0.502
NaSO4- 1.148e-002 8.563e-003 -1.940 -2.067 -0.127
CaSO4 8.490e-003 8.490e-003 -2.071 -2.071 0.000
MgSO4 1.047e-003 1.047e-003 -2.980 -2.980 0.000
KSO4- 1.459e-004 1.088e-004 -3.836 -3.963 -0.127
SrSO4 3.865e-005 3.865e-005 -4.413 -4.413 0.000
MnSO4 1.005e-006 1.005e-006 -5.998 -5.998 0.000
HSO4- 3.497e-008 2.548e-008 -7.456 -7.594 -0.137
FeSO4 4.380e-009 4.380e-009 -8.359 -8.359 0.000
AlSO4+ 3.396e-012 2.474e-012 -11.469 -11.607 -0.137
Al(SO4)2- 7.088e-013 5.164e-013 -12.149 -12.287 -0.137
FeSO4+ 2.562e-017 1.892e-017 -16.591 -16.723 -0.132
Fe(SO4)2- 1.077e-017 6.323e-018 -16.968 -17.199 -0.231

Se(-2) 1.043e-027
HSe- 1.043e-027 6.126e-028 -26.982 -27.213 -0.231
H2Se 1.339e-031 1.339e-031 -30.873 -30.873 0.000
MnSe 4.119e-032 4.119e-032 -31.385 -31.385 0.000
Se-2 6.100e-035 7.250e-036 -34.215 -35.140 -0.925

Se(4) 6.915e-006
HSeO3- 4.364e-006 2.562e-006 -5.360 -5.591 -0.231
SeO3-2 2.551e-006 3.032e-007 -5.593 -6.518 -0.925
H2SeO3 2.893e-011 2.893e-011 -10.539 -10.539 0.000
FeHSeO3+2 6.957e-021 8.269e-022 -20.158 -21.083 -0.925

Se(6) 2.607e-014
SeO4-2 2.607e-014 8.196e-015 -13.584 -14.086 -0.502
MnSeO4 8.064e-019 8.064e-019 -18.093 -18.093 0.000
HSeO4- 1.293e-020 7.593e-021 -19.888 -20.120 -0.231

Si 5.872e-005
H4SiO4 5.845e-005 6.143e-005 -4.233 -4.212 0.022
H3SiO4- 2.670e-007 1.917e-007 -6.573 -6.717 -0.144
H2SiO4-2 5.376e-013 1.666e-013 -12.270 -12.778 -0.509
SiF6-2 3.813e-030 1.135e-030 -29.419 -29.945 -0.526

Sr 9.184e-005
Sr+2 5.294e-005 1.665e-005 -4.276 -4.779 -0.502
SrSO4 3.865e-005 3.865e-005 -4.413 -4.413 0.000
SrHCO3+ 2.316e-007 1.752e-007 -6.635 -6.756 -0.121
SrCO3 8.816e-009 8.816e-009 -8.055 -8.055 0.000
SrHPO4 3.362e-009 3.362e-009 -8.473 -8.473 0.000
SrF+ 2.753e-009 1.616e-009 -8.560 -8.791 -0.231
SrH2PO4+ 5.851e-011 3.436e-011 -10.233 -10.464 -0.231
SrOH+ 1.347e-011 9.946e-012 -10.871 -11.002 -0.132

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.65 9.18 11.83 Al(OH)3
Al2(MoO4)3 -48.55 -43.77 4.79 Al2(MoO4)3
Al2O3 -3.69 18.36 22.05 Al2O3
Al4(OH)10SO4 -2.89 19.81 22.70 Al4(OH)10SO4
AlAsO4:2H2O -7.46 -2.66 4.80 AlAsO4:2H2O
AlOHSO4 -4.49 -7.72 -3.23 AlOHSO4
Alunite -2.21 -1.66 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.07 -4.37 -4.29 CaSO4
Aragonite -0.22 -8.41 -8.19 CaCO3
Arsenolite -52.43 -55.74 -3.32 As4O6
Artinite -8.24 2.48 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -30.59 -23.68 6.92 As2O5
Ba(OH)2:8H2O -18.21 6.69 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 5.45 -3.57 -9.01 Ba3(AsO4)2
BaF2 -11.30 -17.16 -5.86 BaF2
BaHPO4 -7.13 -26.90 -19.77 BaHPO4
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BaMoO4 -6.94 -14.00 -7.06 BaMoO4
Barite 0.00 -10.19 -10.19 BaSO4
BaS -80.80 -64.62 16.18 BaS
BaSeO3 -8.12 -6.41 1.72 BaSeO3
BaSeO4 -14.76 -22.42 -7.66 BaSeO4
Birnessite -13.55 4.54 18.09 MnO2
Bixbyite -13.59 -13.08 0.51 Mn2O3
Boehmite -0.49 9.18 9.67 AlOOH
Brucite -6.19 11.71 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -8.39 13.91 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) -0.19 -29.61 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -3.61 -50.69 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.51 -21.07 -19.56 CaHPO4
CaHPO4:2H2O -1.87 -21.08 -19.21 CaHPO4:2H2O
Calcite 0.00 -8.41 -8.41 CaCO3
CaMoO4 -0.24 -8.18 -7.93 CaMoO4
CaSeO3:2H2O -3.58 -0.58 2.99 CaSeO3:2H2O
CaSeO4:2H2O -13.65 -16.60 -2.94 CaSeO4:2H2O
Celestite 0.00 -6.64 -6.64 SrSO4
CH4(g) -66.15 -109.58 -43.43 CH4
Chalcedony -0.47 -4.21 -3.73 SiO2
Chrysotile -7.30 26.71 34.02 Mg3Si2O5(OH)4
Claudetite -52.16 -55.74 -3.58 As4O6
CO2(g) -2.75 -20.94 -18.18 CO2
Cristobalite -0.67 -4.21 -3.54 SiO2
Cryolite -8.44 -42.64 -34.19 Na3AlF6
Diaspore 1.35 9.18 7.83 AlOOH
Dolomite(disordered) -1.52 -17.63 -16.11 CaMg(CO3)2
Dolomite(ordered) -0.91 -17.63 -16.72 CaMg(CO3)2
Epsomite -2.97 -5.20 -2.23 MgSO4:7H2O
FCO3Apatite 20.72 -95.20 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -7.34 6.22 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 4.19 1.15 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -6.92 -5.36 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -10.96 -31.58 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -41.45 -42.94 -1.49 Fe2(SO4)3
Fe3(OH)8 -6.26 13.96 20.22 Fe3(OH)8
FeAsO4:2H2O -8.37 -7.97 0.40 FeAsO4:2H2O
FeMoO4 -4.50 -14.49 -9.99 FeMoO4
Ferrihydrite -0.00 3.87 3.87 Fe(OH)3
Ferroselite -22.04 -41.08 -19.03 FeSe2
FeS(ppt) -62.25 -65.10 -2.85 FeS
FeSe -17.49 -28.51 -11.02 FeSe
Fluorite -0.76 -11.33 -10.57 CaF2
Gibbsite 0.00 9.18 9.18 Al(OH)3
Goethite 2.82 3.87 1.05 FeOOH
Greenalite -10.56 10.25 20.81 Fe3Si2O5(OH)4
Greigite -226.28 -271.31 -45.03 Fe3S4
Gypsum 0.25 -4.37 -4.62 CaSO4:2H2O
H-Jarosite -12.22 -22.18 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -7.38 -20.71 -13.33 H2MoO4
H2S(g) -63.31 -71.32 -8.01 H2S
H2Se(g) -29.91 -34.73 -4.82 H2Se
Halite -4.04 -2.48 1.57 NaCl
Halloysite -1.32 9.94 11.26 Al2Si2O5(OH)4
Hausmannite -16.59 48.35 64.94 Mn3O4
Hematite 7.97 7.75 -0.22 Fe2O3
Hercynite -1.22 24.58 25.81 FeAl2O4
Huntite -7.12 -36.09 -28.97 CaMg3(CO3)4
Hydromagnesite -18.47 -25.21 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 6.18 -38.15 -44.33 Ca5(PO4)3OH
K-Alum -14.59 -20.04 -5.45 KAl(SO4)2:12H2O
K-Jarosite -3.99 -17.57 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -14.79 -11.50 3.29 K2MoO4
K2SeO4 -19.19 -19.92 -0.73 K2SeO4
Kaolinite 1.13 9.94 8.81 Al2Si2O5(OH)4
Lepidocrocite 2.50 3.87 1.37 FeOOH
Lime -21.97 12.53 34.50 CaO
Mackinawite -61.50 -65.10 -3.60 FeS
Maghemite 1.36 7.75 6.39 Fe2O3
Magnesioferrite 0.01 19.46 19.45 Fe2MgO4
Magnesite -1.58 -9.23 -7.65 MgCO3
Magnetite 8.64 13.97 5.34 Fe3O4
Manganite -5.53 19.81 25.34 MnOOH
Melanterite -8.29 -10.69 -2.40 FeSO4:7H2O
Mg(OH)2(active) -7.08 11.71 18.79 Mg(OH)2
Mg3(PO4)2 -8.79 -32.07 -23.28 Mg3(PO4)2
MgF2 -4.10 -12.15 -8.06 MgF2
MgHPO4:3H2O -3.72 -21.90 -18.18 MgHPO4:3H2O
MgMoO4 -7.15 -9.00 -1.85 MgMoO4
MgSeO3:6H2O -4.42 -1.41 3.01 MgSeO3:6H2O
MgSeO4:6H2O -16.22 -17.42 -1.20 MgSeO4:6H2O
Mirabilite -1.89 -3.74 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -59.58 -63.77 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -10.00 2.50 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -17.11 -41.02 -23.91 Mn3(PO4)2
MnCl2:4H2O -12.23 -9.41 2.82 MnCl2:4H2O
MnHPO4 0.53 -24.87 -25.40 MnHPO4
MnS(grn) -63.06 -62.59 0.47 MnS
MnS(pnk) -65.93 -62.59 3.34 MnS
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MnSe -30.41 -26.00 4.41 MnSe
MnSeO3 -5.51 -4.38 1.13 MnSeO3
MnSeO3:2H2O -5.29 -4.38 0.90 MnSeO3:2H2O
MnSeO4:5H2O -18.35 -20.40 -2.05 MnSeO4:5H2O
MnSO4 -11.35 -8.17 3.18 MnSO4
MoO3 -12.71 -20.71 -8.00 MoO3
MoS2 -111.64 -185.51 -73.87 MoS2
Na-Jarosite -5.79 -15.59 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -11.12 -28.24 -17.12 Na2Mo2O7
Na2MoO4 -9.11 -7.53 1.58 Na2MoO4
Na2MoO4:2H2O -8.76 -7.53 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -10.24 0.06 10.30 Na2SeO3:5H2O
Na2SeO4 -17.22 -15.94 1.28 Na2SeO4
Natron -5.85 -7.78 -1.92 Na2CO3:10H2O
Nesquehonite -4.79 -9.23 -4.45 MgCO3:3H2O
Nsutite -12.96 4.54 17.50 MnO2
O2(g) -44.07 44.32 88.39 O2
Orpiment -177.51 -241.84 -64.32 As2S3
Periclase -11.28 11.71 22.99 MgO
Portlandite -11.47 12.53 24.00 Ca(OH)2
Pyrite -95.29 -114.26 -18.97 FeS2
Pyrochroite -7.37 8.73 16.09 Mn(OH)2
Pyrolusite -13.01 30.89 43.90 MnO2
Quartz 0.00 -4.21 -4.21 SiO2
Realgar -75.40 -96.34 -20.93 AsS
Rhodochrosite -1.65 -12.21 -10.56 MnCO3
Semetal(am) -5.36 -12.57 -7.21 Se
Semetal(hex -4.71 -12.57 -7.86 Se
SeO2 -13.22 -13.11 0.11 SeO2
SeO3 -51.53 -29.12 22.40 SeO3
Sepiolite -6.03 10.79 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -7.99 10.79 18.78 Mg2Si3O7.5OH:3H2O
Siderite -4.62 -14.71 -10.09 FeCO3
SiO2(am-gel) -1.37 -4.21 -2.84 SiO2
SiO2(am-ppt) -1.33 -4.21 -2.88 SiO2
Spinel -10.38 30.07 40.45 MgAl2O4
SrF2 -4.99 -13.60 -8.62 SrF2
SrHPO4 -4.05 -23.35 -19.30 SrHPO4
SrSeO3 -5.15 -2.85 2.30 SrSeO3
SrSeO4 -14.46 -18.87 -4.40 SrSeO4
Strengite -3.42 -29.73 -26.31 FePO4:2H2O
Strontianite -1.41 -10.68 -9.27 SrCO3
Sulfur -47.17 -49.16 -1.99 S
Thenardite -4.12 -3.72 0.41 Na2SO4
Thermonatrite -8.49 -7.76 0.73 Na2CO3:H2O
Vivianite -12.55 -48.55 -36.00 Fe3(PO4)2:8H2O
Witherite -5.63 -14.23 -8.61 BaCO3

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------
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Appendix C – 4. Beal Mountain RO Water Treatment Facility PHREEQC Modeling Data – End
of 2013, Modeling 25 MG Treated Water Discharged

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

Solution 1 - Beal Mtn 2013 End of Season, Assume Discharge 25 MG
pH 8.9
temp 10
Units mg/L
Alkalinity 825
As 3.085
Cl 5710
F 4.46
P 0.782
Se 2.319
Si 64.43
S(6) 41010
Al 0.496
Ba 0.02583
Ca 9270
Fe 18.39
Mg 262
Mn 1.23
Mo 2.767
K 292.6
Na 16528
Sr 67.07
EQUILIBRIUM_PHASES 1
Barite 0 0
Gypsum 0.25 10 #Assume 178% saturation towards end

of season
Calcite 0 0
Celestite 0 0
Ca3(PO4)2(beta) 0 0
Ferrihydrite 0 0
Fluorite 0 0
Gibbsite 0 0
Quartz 0 0
SiO2(am-gel) 0 0
SiO2(am-ppt) 0 0
SrF2 0 0
Strontianite 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 2013 End of Season, Assume Discharge 25 MG

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 1.985e-005 1.985e-005
Alkalinity 1.460e-002 1.460e-002
As 4.447e-005 4.447e-005
Ba 2.031e-007 2.031e-007
Ca 2.498e-001 2.498e-001
Cl 1.739e-001 1.739e-001
F 2.535e-004 2.535e-004
Fe 3.556e-004 3.556e-004
K 8.082e-003 8.082e-003
Mg 1.164e-002 1.164e-002
Mn 2.418e-005 2.418e-005
Mo 3.115e-005 3.115e-005
Na 7.764e-001 7.764e-001
P 2.727e-005 2.727e-005
S(6) 4.610e-001 4.610e-001
Se 3.172e-005 3.172e-005
Si 1.158e-003 1.158e-003
Sr 8.267e-004 8.267e-004
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----------------------------Description of solution----------------------------

pH = 8.900
pe = 4.000

Activity of water = 0.977
Ionic strength = 8.464e-001

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 9.946e-003

Total CO2 (mol/kg) = 9.946e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.985e-001
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 14.94

Iterations = 12
Total H = 1.110258e+002
Total O = 5.738736e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.966e-006 2.372e-006 -5.402 -5.625 -0.223
H+ 1.630e-009 1.259e-009 -8.788 -8.900 -0.112
H2O 5.551e+001 9.772e-001 1.744 -0.010 0.000

Al 1.985e-005
Al(OH)4- 1.934e-005 1.235e-005 -4.714 -4.908 -0.195
Al(OH)3 5.087e-007 5.087e-007 -6.294 -6.294 0.000
Al(OH)2+ 4.877e-009 3.262e-009 -8.312 -8.487 -0.175
AlF3 5.927e-012 5.927e-012 -11.227 -11.227 0.000
AlF2+ 5.528e-012 3.697e-012 -11.257 -11.432 -0.175
AlOH+2 9.455e-013 1.891e-013 -12.024 -12.723 -0.699
AlF4- 5.974e-013 3.815e-013 -12.224 -12.418 -0.195
AlF+2 3.912e-013 7.825e-014 -12.408 -13.107 -0.699
AlSO4+ 1.829e-014 1.168e-014 -13.738 -13.932 -0.195
Al(SO4)2- 1.126e-014 7.191e-015 -13.948 -14.143 -0.195
Al+3 6.856e-016 6.722e-017 -15.164 -16.173 -1.009
AlMo6O21-3 0.000e+000 0.000e+000 -40.159 -44.279 -4.120

As(3) 3.505e-021
H3AsO3 2.116e-021 2.116e-021 -20.674 -20.674 0.000
H2AsO3- 1.377e-021 4.800e-022 -20.861 -21.319 -0.458
HAsO3-2 1.189e-023 1.755e-025 -22.925 -24.756 -1.831
AsO3-3 4.120e-026 3.128e-030 -25.385 -29.505 -4.120
H4AsO3+ 3.787e-030 1.320e-030 -29.422 -29.879 -0.458

As(5) 4.447e-005
HAsO4-2 3.318e-005 4.897e-007 -4.479 -6.310 -1.831
AsO4-3 1.127e-005 8.555e-010 -4.948 -9.068 -4.120
H2AsO4- 1.720e-008 5.995e-009 -7.764 -8.222 -0.458
H3AsO4 9.274e-016 1.127e-015 -15.033 -14.948 0.085

Ba 2.031e-007
Ba+2 1.996e-007 7.111e-008 -6.700 -7.148 -0.448
BaCO3 1.928e-009 1.928e-009 -8.715 -8.715 0.000
BaHCO3+ 1.583e-009 1.086e-009 -8.801 -8.964 -0.163
BaOH+ 1.009e-012 6.616e-013 -11.996 -12.179 -0.183

C(4) 9.946e-003
HCO3- 4.081e-003 2.729e-003 -2.389 -2.564 -0.175
CaCO3 1.910e-003 1.910e-003 -2.719 -2.719 0.000
NaCO3- 1.534e-003 1.026e-003 -2.814 -2.989 -0.175
CaHCO3+ 1.101e-003 7.556e-004 -2.958 -3.122 -0.163
NaHCO3 9.865e-004 9.865e-004 -3.006 -3.006 0.000
CO3-2 2.088e-004 7.440e-005 -3.680 -4.128 -0.448
MgCO3 5.892e-005 5.892e-005 -4.230 -4.230 0.000
MgHCO3+ 5.094e-005 3.155e-005 -4.293 -4.501 -0.208
H2CO3 9.399e-006 9.399e-006 -5.027 -5.027 0.000
SrHCO3+ 3.213e-006 2.205e-006 -5.493 -5.657 -0.163
SrCO3 2.663e-006 2.663e-006 -5.575 -5.575 0.000
MnHCO3+ 2.485e-008 1.630e-008 -7.605 -7.788 -0.183
BaCO3 1.928e-009 1.928e-009 -8.715 -8.715 0.000
BaHCO3+ 1.583e-009 1.086e-009 -8.801 -8.964 -0.163
FeHCO3+ 1.970e-010 1.352e-010 -9.705 -9.869 -0.163

Ca 2.498e-001
CaSO4 1.827e-001 1.827e-001 -0.738 -0.738 0.000
Ca+2 6.399e-002 2.280e-002 -1.194 -1.642 -0.448
CaCO3 1.910e-003 1.910e-003 -2.719 -2.719 0.000
CaHCO3+ 1.101e-003 7.556e-004 -2.958 -3.122 -0.163
CaF+ 3.612e-005 2.369e-005 -4.442 -4.625 -0.183
CaPO4- 1.286e-005 8.599e-006 -4.891 -5.066 -0.175
CaHPO4 5.724e-006 5.724e-006 -5.242 -5.242 0.000
CaOH+ 1.316e-006 9.034e-007 -5.881 -6.044 -0.163
CaH2PO4+ 8.876e-009 5.936e-009 -8.052 -8.226 -0.175

Cl 1.739e-001
Cl- 1.739e-001 1.344e-001 -0.760 -0.872 -0.112
MnCl+ 8.409e-008 5.516e-008 -7.075 -7.258 -0.183
MnCl2 1.047e-008 1.047e-008 -7.980 -7.980 0.000
MnCl3- 5.908e-010 3.875e-010 -9.229 -9.412 -0.183
FeCl+2 2.689e-017 4.978e-018 -16.570 -17.303 -0.732
FeCl2+ 7.447e-018 4.885e-018 -17.128 -17.311 -0.183
FeCl3 6.565e-020 6.565e-020 -19.183 -19.183 0.000

F 2.535e-004
F- 1.662e-004 1.284e-004 -3.779 -3.891 -0.112
CaF+ 3.612e-005 2.369e-005 -4.442 -4.625 -0.183
NaF 3.006e-005 3.006e-005 -4.522 -4.522 0.000
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MgF+ 2.103e-005 1.343e-005 -4.677 -4.872 -0.195
SrF+ 7.858e-008 2.739e-008 -7.105 -7.562 -0.458
MnF+ 2.009e-009 1.318e-009 -8.697 -8.880 -0.183
HF 1.800e-010 1.800e-010 -9.745 -9.745 0.000
AlF3 5.927e-012 5.927e-012 -11.227 -11.227 0.000
AlF2+ 5.528e-012 3.697e-012 -11.257 -11.432 -0.175
AlF4- 5.974e-013 3.815e-013 -12.224 -12.418 -0.195
AlF+2 3.912e-013 7.825e-014 -12.408 -13.107 -0.699
HF2- 1.346e-013 8.052e-014 -12.871 -13.094 -0.223
FeF+2 1.232e-015 2.281e-016 -14.909 -15.642 -0.732
FeF2+ 1.029e-015 6.750e-016 -14.988 -15.171 -0.183
FeF3 9.465e-017 9.465e-017 -16.024 -16.024 0.000
H2F2 1.532e-019 1.532e-019 -18.815 -18.815 0.000
SiF6-2 5.303e-031 9.820e-032 -30.275 -31.008 -0.732

Fe(2) 4.106e-007
Fe+2 3.643e-007 5.376e-009 -6.439 -8.270 -1.831
FeSO4 4.530e-008 4.530e-008 -7.344 -7.344 0.000
FeOH+ 7.738e-010 5.076e-010 -9.111 -9.294 -0.183
FeHCO3+ 1.970e-010 1.352e-010 -9.705 -9.869 -0.163
FeHPO4 1.103e-011 1.103e-011 -10.958 -10.958 0.000
Fe(OH)3- 2.625e-012 1.722e-012 -11.581 -11.764 -0.183
Fe(OH)2 8.059e-013 8.059e-013 -12.094 -12.094 0.000
FeH2PO4+ 4.123e-014 2.757e-014 -13.385 -13.560 -0.175

Fe(3) 3.552e-004
Fe(OH)4- 2.811e-004 1.880e-004 -3.551 -3.726 -0.175
Fe(OH)2+ 4.601e-005 3.077e-005 -4.337 -4.512 -0.175
Fe(OH)3 2.811e-005 2.811e-005 -4.551 -4.551 0.000
FeOH+2 2.237e-011 4.142e-012 -10.650 -11.383 -0.732
Fe3(OH)4+5 1.039e-013 3.742e-025 -12.983 -24.427 -11.444
FeHPO4+ 2.451e-014 1.639e-014 -13.611 -13.785 -0.175
Fe2(OH)2+4 2.087e-014 9.900e-022 -13.681 -21.004 -7.324
Fe(SO4)2- 1.519e-015 5.294e-016 -14.818 -15.276 -0.458
FeF+2 1.232e-015 2.281e-016 -14.909 -15.642 -0.732
FeF2+ 1.029e-015 6.750e-016 -14.988 -15.171 -0.183
FeSO4+ 8.188e-016 5.371e-016 -15.087 -15.270 -0.183
FeF3 9.465e-017 9.465e-017 -16.024 -16.024 0.000
FeCl+2 2.689e-017 4.978e-018 -16.570 -17.303 -0.732
Fe+3 2.045e-017 2.005e-018 -16.689 -17.698 -1.009
FeCl2+ 7.447e-018 4.885e-018 -17.128 -17.311 -0.183
FeCl3 6.565e-020 6.565e-020 -19.183 -19.183 0.000
FeHSeO3+2 3.417e-020 5.043e-022 -19.466 -21.297 -1.831
FeH2PO4+2 1.948e-021 3.896e-022 -20.710 -21.409 -0.699

H(0) 2.161e-029
H2 1.081e-029 1.313e-029 -28.966 -28.882 0.085

K 8.082e-003
K+ 6.193e-003 4.784e-003 -2.208 -2.320 -0.112
KSO4- 1.890e-003 1.264e-003 -2.724 -2.898 -0.175
KHPO4- 2.796e-008 1.870e-008 -7.553 -7.728 -0.175

Mg 1.164e-002
MgSO4 8.055e-003 8.055e-003 -2.094 -2.094 0.000
Mg+2 3.454e-003 1.230e-003 -2.462 -2.910 -0.448
MgCO3 5.892e-005 5.892e-005 -4.230 -4.230 0.000
MgHCO3+ 5.094e-005 3.155e-005 -4.293 -4.501 -0.208
MgF+ 2.103e-005 1.343e-005 -4.677 -4.872 -0.195
MgOH+ 1.285e-006 8.989e-007 -5.891 -6.046 -0.155
MgHPO4 4.264e-007 4.264e-007 -6.370 -6.370 0.000
MgPO4- 1.085e-008 7.255e-009 -7.965 -8.139 -0.175
MgH2PO4+ 1.003e-009 6.708e-010 -8.999 -9.173 -0.175

Mn(2) 2.418e-005
Mn+2 2.209e-005 3.261e-007 -4.656 -6.487 -1.831
MnSO4 1.961e-006 1.961e-006 -5.708 -5.708 0.000
MnCl+ 8.409e-008 5.516e-008 -7.075 -7.258 -0.183
MnHCO3+ 2.485e-008 1.630e-008 -7.605 -7.788 -0.183
MnCl2 1.047e-008 1.047e-008 -7.980 -7.980 0.000
MnOH+ 2.961e-009 1.942e-009 -8.529 -8.712 -0.183
MnF+ 2.009e-009 1.318e-009 -8.697 -8.880 -0.183
MnCl3- 5.908e-010 3.875e-010 -9.229 -9.412 -0.183
Mn(OH)3- 3.684e-015 2.417e-015 -14.434 -14.617 -0.183
MnSeO4 3.456e-015 3.456e-015 -14.461 -14.461 0.000
Mn(OH)4-2 3.294e-019 6.099e-020 -18.482 -19.215 -0.732
MnSe 0.000e+000 0.000e+000 -42.271 -42.271 0.000

Mn(3) 1.484e-028
Mn+3 1.484e-028 1.455e-029 -27.829 -28.837 -1.009

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -43.615 -44.348 -0.732

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -50.515 -50.756 -0.241

Mo 3.115e-005
MoO4-2 3.115e-005 1.110e-005 -4.507 -4.955 -0.448
HMoO4- 5.201e-010 1.813e-010 -9.284 -9.742 -0.458
H2MoO4 4.467e-015 4.467e-015 -14.350 -14.350 0.000
Mo7O24-6 5.506e-035 0.000e+000 -34.259 -50.738 -16.479
AlMo6O21-3 0.000e+000 0.000e+000 -40.159 -44.279 -4.120
HMo7O24-5 0.000e+000 0.000e+000 -41.900 -53.344 -11.444
H2Mo7O24-4 0.000e+000 0.000e+000 -50.166 -57.489 -7.324
H3Mo7O24-3 0.000e+000 0.000e+000 -59.005 -63.125 -4.120

Na 7.764e-001
Na+ 6.204e-001 4.793e-001 -0.207 -0.319 -0.112
NaSO4- 1.534e-001 1.026e-001 -0.814 -0.989 -0.175
NaCO3- 1.534e-003 1.026e-003 -2.814 -2.989 -0.175
NaHCO3 9.865e-004 9.865e-004 -3.006 -3.006 0.000
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NaF 3.006e-005 3.006e-005 -4.522 -4.522 0.000
NaHPO4- 4.338e-006 2.901e-006 -5.363 -5.537 -0.175

O(0) 2.174e-039
O2 1.087e-039 1.321e-039 -38.964 -38.879 0.085

P 2.727e-005
CaPO4- 1.286e-005 8.599e-006 -4.891 -5.066 -0.175
CaHPO4 5.724e-006 5.724e-006 -5.242 -5.242 0.000
NaHPO4- 4.338e-006 2.901e-006 -5.363 -5.537 -0.175
HPO4-2 3.834e-006 7.099e-007 -5.416 -6.149 -0.732
MgHPO4 4.264e-007 4.264e-007 -6.370 -6.370 0.000
KHPO4- 2.796e-008 1.870e-008 -7.553 -7.728 -0.175
H2PO4- 2.248e-008 1.503e-008 -7.648 -7.823 -0.175
SrHPO4 1.378e-008 1.378e-008 -7.861 -7.861 0.000
MgPO4- 1.085e-008 7.255e-009 -7.965 -8.139 -0.175
CaH2PO4+ 8.876e-009 5.936e-009 -8.052 -8.226 -0.175
PO4-3 1.760e-009 1.726e-010 -8.754 -9.763 -1.009
MgH2PO4+ 1.003e-009 6.708e-010 -8.999 -9.173 -0.175
SrH2PO4+ 1.683e-011 5.865e-012 -10.774 -11.232 -0.458
FeHPO4 1.103e-011 1.103e-011 -10.958 -10.958 0.000
FeH2PO4+ 4.123e-014 2.757e-014 -13.385 -13.560 -0.175
FeHPO4+ 2.451e-014 1.639e-014 -13.611 -13.785 -0.175
H3PO4 2.248e-015 2.248e-015 -14.648 -14.648 0.000
FeH2PO4+2 1.948e-021 3.896e-022 -20.710 -21.409 -0.699

S(6) 4.610e-001
CaSO4 1.827e-001 1.827e-001 -0.738 -0.738 0.000
NaSO4- 1.534e-001 1.026e-001 -0.814 -0.989 -0.175
SO4-2 1.143e-001 4.073e-002 -0.942 -1.390 -0.448
MgSO4 8.055e-003 8.055e-003 -2.094 -2.094 0.000
KSO4- 1.890e-003 1.264e-003 -2.724 -2.898 -0.175
SrSO4 5.821e-004 5.821e-004 -3.235 -3.235 0.000
MnSO4 1.961e-006 1.961e-006 -5.708 -5.708 0.000
FeSO4 4.530e-008 4.530e-008 -7.344 -7.344 0.000
HSO4- 4.903e-009 3.131e-009 -8.310 -8.504 -0.195
AlSO4+ 1.829e-014 1.168e-014 -13.738 -13.932 -0.195
Al(SO4)2- 1.126e-014 7.191e-015 -13.948 -14.143 -0.195
Fe(SO4)2- 1.519e-015 5.294e-016 -14.818 -15.276 -0.458
FeSO4+ 8.188e-016 5.371e-016 -15.087 -15.270 -0.183

Se(-2) 1.440e-039
HSe- 1.440e-039 5.018e-040 -38.842 -39.299 -0.458
MnSe 0.000e+000 0.000e+000 -42.271 -42.271 0.000
Se-2 0.000e+000 0.000e+000 -44.015 -45.846 -1.831
H2Se 0.000e+000 0.000e+000 -44.340 -44.340 0.000

Se(4) 3.172e-005
SeO3-2 3.125e-005 4.612e-007 -4.505 -6.336 -1.831
HSeO3- 4.659e-007 1.624e-007 -6.332 -6.789 -0.458
H2SeO3 7.638e-014 7.638e-014 -13.117 -13.117 0.000
FeHSeO3+2 3.417e-020 5.043e-022 -19.466 -21.297 -1.831

Se(6) 1.491e-010
SeO4-2 1.491e-010 5.312e-011 -9.827 -10.275 -0.448
MnSeO4 3.456e-015 3.456e-015 -14.461 -14.461 0.000
HSeO4- 5.882e-018 2.050e-018 -17.230 -17.688 -0.458

Si 1.158e-003
H4SiO4 1.010e-003 1.227e-003 -2.996 -2.911 0.085
H3SiO4- 1.484e-004 9.188e-005 -3.829 -4.037 -0.208
H2SiO4-2 9.586e-009 1.917e-009 -8.018 -8.717 -0.699
SiF6-2 5.303e-031 9.820e-032 -30.275 -31.008 -0.732

Sr 8.267e-004
SrSO4 5.821e-004 5.821e-004 -3.235 -3.235 0.000
Sr+2 2.386e-004 8.499e-005 -3.622 -4.071 -0.448
SrHCO3+ 3.213e-006 2.205e-006 -5.493 -5.657 -0.163
SrCO3 2.663e-006 2.663e-006 -5.575 -5.575 0.000
SrF+ 7.858e-008 2.739e-008 -7.105 -7.562 -0.458
SrHPO4 1.378e-008 1.378e-008 -7.861 -7.861 0.000
SrOH+ 1.824e-009 1.197e-009 -8.739 -8.922 -0.183
SrH2PO4+ 1.683e-011 5.865e-012 -10.774 -11.232 -0.458

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -1.33 10.50 11.83 Al(OH)3
Al2(MoO4)3 -52.00 -47.21 4.79 Al2(MoO4)3
Al2O3 -1.03 21.02 22.05 Al2O3
Al4(OH)10SO4 0.12 22.82 22.70 Al4(OH)10SO4
AlAsO4:2H2O -9.24 -4.44 4.80 AlAsO4:2H2O
AlOHSO4 -5.44 -8.67 -3.23 AlOHSO4
Alunite -0.83 -0.28 0.55 KAl3(SO4)2(OH)6
Anhydrite 1.26 -3.03 -4.29 CaSO4
Aragonite 2.42 -5.77 -8.19 CaCO3
Arsenolite -79.32 -82.64 -3.32 As4O6
Artinite -2.91 7.80 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -36.78 -29.87 6.92 As2O5
Ba(OH)2:8H2O -14.35 10.55 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 11.07 2.06 -9.01 Ba3(AsO4)2
BaF2 -9.07 -14.93 -5.86 BaF2
BaHPO4 -6.04 -25.81 -19.77 BaHPO4
BaMoO4 -5.04 -12.10 -7.06 BaMoO4
Barite 1.66 -8.54 -10.19 BaSO4
BaSeO3 -6.76 -5.04 1.72 BaSeO3
BaSeO4 -9.76 -17.42 -7.66 BaSeO4
Birnessite -7.35 10.74 18.09 MnO2
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Bixbyite -4.82 -4.30 0.51 Mn2O3
Boehmite 0.84 10.51 9.67 AlOOH
Brucite -3.03 14.87 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -3.76 18.54 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) 4.97 -24.45 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O 2.29 -44.79 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -0.74 -20.31 -19.56 CaHPO4
CaHPO4:2H2O -1.12 -20.33 -19.21 CaHPO4:2H2O
Calcite 2.64 -5.77 -8.41 CaCO3
CaMoO4 1.33 -6.60 -7.93 CaMoO4
CaSeO3:2H2O -2.55 0.45 2.99 CaSeO3:2H2O
CaSeO4:2H2O -8.99 -11.94 -2.94 CaSeO4:2H2O
Celestite 1.18 -5.46 -6.64 SrSO4
CH4(g) -81.67 -125.10 -43.43 CH4
Chalcedony 0.84 -2.89 -3.73 SiO2
Chrysotile 4.82 38.84 34.02 Mg3Si2O5(OH)4
Claudetite -79.06 -82.64 -3.58 As4O6
CO2(g) -3.73 -21.92 -18.18 CO2
Cristobalite 0.64 -2.89 -3.54 SiO2
Cryolite -6.29 -40.48 -34.19 Na3AlF6
Diaspore 2.68 10.51 7.83 AlOOH
Dolomite(disordered) 3.30 -12.81 -16.11 CaMg(CO3)2
Dolomite(ordered) 3.91 -12.81 -16.72 CaMg(CO3)2
Epsomite -2.14 -4.37 -2.23 MgSO4:7H2O
FCO3Apatite 38.63 -77.30 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -4.05 9.51 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 9.08 6.04 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 0.72 2.27 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -8.46 -29.08 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -38.08 -39.57 -1.49 Fe2(SO4)3
Fe3(OH)8 7.23 27.45 20.22 Fe3(OH)8
FeAsO4:2H2O -6.37 -5.97 0.40 FeAsO4:2H2O
FeMoO4 -3.24 -13.22 -9.99 FeMoO4
Ferrihydrite 5.10 8.97 3.87 Fe(OH)3
Ferroselite -42.03 -61.07 -19.03 FeSe2
FeSe -27.65 -38.67 -11.02 FeSe
Fluorite 1.15 -9.42 -10.57 CaF2
Gibbsite 1.32 10.50 9.18 Al(OH)3
Goethite 7.93 8.98 1.05 FeOOH
Greenalite 1.95 22.76 20.81 Fe3Si2O5(OH)4
Gypsum 1.57 -3.05 -4.62 CaSO4:2H2O
H-Jarosite -1.49 -11.44 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -9.42 -22.75 -13.33 H2MoO4
H2Se(g) -43.38 -48.20 -4.82 H2Se
Halite -2.76 -1.19 1.57 NaCl
Halloysite 3.96 15.22 11.26 Al2Si2O5(OH)4
Hausmannite -5.24 59.70 64.94 Mn3O4
Hematite 18.20 17.97 -0.22 Fe2O3
Hercynite 4.74 30.55 25.81 FeAl2O4
Huntite 2.08 -26.89 -28.97 CaMg3(CO3)4
Hydromagnesite -6.58 -13.32 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 15.72 -28.61 -44.33 Ca5(PO4)3OH
K-Alum -15.94 -21.39 -5.45 KAl(SO4)2:12H2O
K-Jarosite 8.73 -4.85 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -12.89 -9.60 3.29 K2MoO4
K2SeO4 -14.19 -14.92 -0.73 K2SeO4
Kaolinite 6.41 15.22 8.81 Al2Si2O5(OH)4
Lepidocrocite 7.61 8.98 1.37 FeOOH
Lime -18.35 16.15 34.50 CaO
Maghemite 11.59 17.97 6.39 Fe2O3
Magnesioferrite 13.41 32.85 19.45 Fe2MgO4
Magnesite 0.61 -7.04 -7.65 MgCO3
Magnetite 22.16 27.49 5.34 Fe3O4
Manganite -1.15 24.19 25.34 MnOOH
Melanterite -7.33 -9.73 -2.40 FeSO4:7H2O
Mg(OH)2(active) -3.92 14.87 18.79 Mg(OH)2
Mg3(PO4)2 -4.98 -28.26 -23.28 Mg3(PO4)2
MgF2 -2.64 -10.69 -8.06 MgF2
MgHPO4:3H2O -3.43 -21.60 -18.18 MgHPO4:3H2O
MgMoO4 -6.01 -7.86 -1.85 MgMoO4
MgSeO3:6H2O -3.87 -0.86 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.04 -13.24 -1.20 MgSeO4:6H2O
Mirabilite -0.28 -2.13 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -57.65 -61.84 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -8.54 3.96 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -15.08 -38.99 -23.91 Mn3(PO4)2
MnCl2:4H2O -11.09 -8.27 2.82 MnCl2:4H2O
MnHPO4 0.25 -25.15 -25.40 MnHPO4
MnSe -41.30 -36.89 4.41 MnSe
MnSeO3 -5.51 -4.38 1.13 MnSeO3
MnSeO3:2H2O -5.30 -4.40 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.76 -16.81 -2.05 MnSeO4:5H2O
MnSO4 -11.06 -7.88 3.18 MnSO4
MoO3 -14.74 -22.74 -8.00 MoO3
Na-Jarosite 6.94 -2.85 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -11.22 -28.34 -17.12 Na2Mo2O7
Na2MoO4 -7.18 -5.59 1.58 Na2MoO4
Na2MoO4:2H2O -6.84 -5.61 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -8.88 1.42 10.30 Na2SeO3:5H2O
Na2SeO4 -12.19 -10.91 1.28 Na2SeO4
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Natron -2.94 -4.87 -1.92 Na2CO3:10H2O
Nesquehonite -2.62 -7.07 -4.45 MgCO3:3H2O
Nsutite -6.76 10.74 17.50 MnO2
O2(g) -36.81 51.58 88.39 O2
Periclase -8.11 14.88 22.99 MgO
Portlandite -7.86 16.14 24.00 Ca(OH)2
Pyrochroite -4.80 11.29 16.09 Mn(OH)2
Pyrolusite -6.81 37.09 43.90 MnO2
Quartz 1.32 -2.89 -4.21 SiO2
Rhodochrosite -0.05 -10.62 -10.56 MnCO3
Semetal(am) -15.19 -22.40 -7.21 Se
Semetal(hex -14.54 -22.40 -7.86 Se
SeO2 -15.79 -15.68 0.11 SeO2
SeO3 -50.47 -28.06 22.40 SeO3
Sepiolite 4.23 21.05 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) 2.27 21.05 18.78 Mg2Si3O7.5OH:3H2O
Siderite -2.31 -12.40 -10.09 FeCO3
SiO2(am-gel) -0.05 -2.89 -2.84 SiO2
SiO2(am-ppt) -0.01 -2.89 -2.88 SiO2
Spinel -4.54 35.90 40.45 MgAl2O4
SrF2 -3.24 -11.85 -8.62 SrF2
SrHPO4 -3.44 -22.73 -19.30 SrHPO4
SrSeO3 -4.26 -1.96 2.30 SrSeO3
SrSeO4 -9.94 -14.35 -4.40 SrSeO4
Strengite -1.17 -27.48 -26.31 FePO4:2H2O
Strontianite 1.07 -8.20 -9.27 SrCO3
Thenardite -2.44 -2.03 0.41 Na2SO4
Thermonatrite -5.51 -4.78 0.73 Na2CO3:H2O
Vivianite -8.41 -44.41 -36.00 Fe3(PO4)2:8H2O
Witherite -2.67 -11.28 -8.61 BaCO3

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 2013 End of Season, Assume Discharge 25 MG
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Barite 0.00 -10.19 -10.19 0.000e+000 1.966e-007 1.966e-007
Ca3(PO4)2(beta) -0.61 -30.03 -29.42 0.000e+000 0 0.000e+000
Calcite 0.00 -8.41 -8.41 0.000e+000 4.348e-003 4.348e-003
Celestite 0.00 -6.64 -6.64 0.000e+000 7.649e-004 7.649e-004
Ferrihydrite -0.00 3.87 3.87 0.000e+000 3.552e-004 3.552e-004
Fluorite -0.00 -10.57 -10.57 0.000e+000 7.348e-006 7.348e-006
Gibbsite 0.00 9.18 9.18 0.000e+000 1.978e-005 1.978e-005
Gypsum 0.25 -4.37 -4.62 1.000e+001 1.023e+001 2.322e-001
Quartz 0.00 -4.21 -4.21 0.000e+000 1.107e-003 1.107e-003
SiO2(am-gel) -1.37 -4.21 -2.84 0.000e+000 0 0.000e+000
SiO2(am-ppt) -1.33 -4.21 -2.88 0.000e+000 0 0.000e+000
SrF2 -4.24 -12.86 -8.62 0.000e+000 0 0.000e+000
Strontianite -1.42 -10.69 -9.27 0.000e+000 0 0.000e+000

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 7.793e-008 7.728e-008
As 4.484e-005 4.447e-005
Ba 6.545e-009 6.491e-009
C 5.645e-003 5.598e-003
Ca 1.331e-002 1.320e-002
Cl 1.754e-001 1.739e-001
F 2.408e-004 2.388e-004
Fe 4.241e-007 4.206e-007
K 8.150e-003 8.082e-003
Mg 1.174e-002 1.164e-002
Mn 2.438e-005 2.418e-005
Mo 3.141e-005 3.115e-005
Na 7.829e-001 7.764e-001
P 2.750e-005 2.727e-005
S 2.299e-001 2.280e-001
Se 3.198e-005 3.172e-005
Si 5.119e-005 5.076e-005
Sr 6.227e-005 6.175e-005

----------------------------Description of solution----------------------------

pH = 7.950 Charge balance
pe = 3.071 Adjusted to redox

equilibrium
Activity of water = 0.981

Ionic strength = 6.921e-001
Mass of water (kg) = 9.917e-001

Total alkalinity (eq/kg) = 5.537e-003
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Total CO2 (mol/kg) = 5.645e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.985e-001
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 17.00

Iterations = 43
Total H = 1.100957e+002
Total O = 5.597443e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.377e-007 8.448e-008 -6.861 -7.073 -0.212
H+ 4.708e-008 3.549e-008 -7.327 -7.450 -0.123
H2O 5.551e+001 9.815e-001 1.744 -0.008 0.000

Al 7.793e-008
Al(OH)4- 3.226e-008 2.100e-008 -7.491 -7.678 -0.186
Al(OH)3 2.428e-008 2.428e-008 -7.615 -7.615 0.000
AlF3 7.334e-009 7.334e-009 -8.135 -8.135 0.000
Al(OH)2+ 6.435e-009 4.371e-009 -8.191 -8.359 -0.168
AlF2+ 6.388e-009 4.339e-009 -8.195 -8.363 -0.168
AlF4- 7.645e-010 4.977e-010 -9.117 -9.303 -0.186
AlF+2 4.092e-010 8.713e-011 -9.388 -10.060 -0.672
AlOH+2 3.342e-011 7.116e-012 -10.476 -11.148 -0.672
AlSO4+ 1.420e-011 9.243e-012 -10.848 -11.034 -0.186
Al(SO4)2- 6.548e-012 4.263e-012 -11.184 -11.370 -0.186
Al+3 9.015e-013 7.099e-014 -12.045 -13.149 -1.104
AlMo6O21-3 8.556e-030 1.611e-033 -29.068 -32.793 -3.725

As(3) 1.930e-013
H3AsO3 1.890e-013 1.890e-013 -12.724 -12.724 0.000
H2AsO3- 3.943e-015 1.520e-015 -14.404 -14.818 -0.414
HAsO3-2 8.922e-019 1.972e-020 -18.050 -19.705 -1.656
H4AsO3+ 8.621e-021 3.324e-021 -20.064 -20.478 -0.414
AsO3-3 6.620e-023 1.246e-026 -22.179 -25.904 -3.725

As(5) 4.484e-005
HAsO4-2 4.366e-005 9.649e-007 -4.360 -6.016 -1.656
H2AsO4- 8.637e-007 3.330e-007 -6.064 -6.478 -0.414
AsO4-3 3.175e-007 5.978e-011 -6.498 -10.223 -3.725
H3AsO4 1.505e-012 1.765e-012 -11.822 -11.753 0.069

Ba 6.545e-009
Ba+2 6.496e-009 2.099e-009 -8.187 -8.678 -0.491
BaHCO3+ 4.721e-011 3.284e-011 -10.326 -10.484 -0.158
BaCO3 2.067e-012 2.067e-012 -11.685 -11.685 0.000
BaOH+ 1.043e-015 6.957e-016 -14.982 -15.158 -0.176

C(4) 5.645e-003
HCO3- 4.115e-003 2.795e-003 -2.386 -2.554 -0.168
NaHCO3 1.055e-003 1.055e-003 -2.977 -2.977 0.000
H2CO3 2.714e-004 2.714e-004 -3.566 -3.566 0.000
CaHCO3+ 7.093e-005 4.935e-005 -4.149 -4.307 -0.158
MgHCO3+ 6.040e-005 3.824e-005 -4.219 -4.417 -0.199
NaCO3- 5.726e-005 3.889e-005 -4.242 -4.410 -0.168
CO3-2 8.362e-006 2.702e-006 -5.078 -5.568 -0.491
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
MgCO3 2.533e-006 2.533e-006 -5.596 -5.596 0.000
SrHCO3+ 2.877e-007 2.001e-007 -6.541 -6.699 -0.158
MnHCO3+ 3.732e-008 2.491e-008 -7.428 -7.604 -0.176
SrCO3 8.572e-009 8.572e-009 -8.067 -8.067 0.000
FeHCO3+ 2.967e-010 2.065e-010 -9.528 -9.685 -0.158
BaHCO3+ 4.721e-011 3.284e-011 -10.326 -10.484 -0.158
BaCO3 2.067e-012 2.067e-012 -11.685 -11.685 0.000

Ca 1.331e-002
CaSO4 8.731e-003 8.731e-003 -2.059 -2.059 0.000
Ca+2 4.499e-003 1.454e-003 -2.347 -2.837 -0.491
CaHCO3+ 7.093e-005 4.935e-005 -4.149 -4.307 -0.158
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CaF+ 2.387e-006 1.593e-006 -5.622 -5.798 -0.176
CaHPO4 1.041e-006 1.041e-006 -5.983 -5.983 0.000
CaPO4- 8.167e-008 5.548e-008 -7.088 -7.256 -0.168
CaH2PO4+ 4.482e-008 3.044e-008 -7.349 -7.516 -0.168
CaOH+ 2.950e-009 2.052e-009 -8.530 -8.688 -0.158

Cl 1.754e-001
Cl- 1.754e-001 1.322e-001 -0.756 -0.879 -0.123
MnCl+ 1.214e-007 8.099e-008 -6.916 -7.092 -0.176
MnCl2 1.513e-008 1.513e-008 -7.820 -7.820 0.000
MnCl3- 8.258e-010 5.511e-010 -9.083 -9.259 -0.176
FeCl+2 4.340e-018 8.606e-019 -17.363 -18.065 -0.703
FeCl2+ 1.245e-018 8.310e-019 -17.905 -18.080 -0.176
FeCl3 1.099e-020 1.099e-020 -19.959 -19.959 0.000

F 2.408e-004
F- 1.796e-004 1.354e-004 -3.746 -3.868 -0.123
NaF 3.308e-005 3.308e-005 -4.480 -4.480 0.000
MgF+ 2.574e-005 1.676e-005 -4.589 -4.776 -0.186
CaF+ 2.387e-006 1.593e-006 -5.622 -5.798 -0.176
AlF3 7.334e-009 7.334e-009 -8.135 -8.135 0.000
SrF+ 6.638e-009 2.559e-009 -8.178 -8.592 -0.414
AlF2+ 6.388e-009 4.339e-009 -8.195 -8.363 -0.168
HF 5.350e-009 5.350e-009 -8.272 -8.272 0.000
MnF+ 3.106e-009 2.073e-009 -8.508 -8.683 -0.176
AlF4- 7.645e-010 4.977e-010 -9.117 -9.303 -0.186
AlF+2 4.092e-010 8.713e-011 -9.388 -10.060 -0.672
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HF2- 4.114e-012 2.523e-012 -11.386 -11.598 -0.212
FeF+2 2.130e-016 4.223e-017 -15.672 -16.374 -0.703
FeF2+ 1.975e-016 1.318e-016 -15.705 -15.880 -0.176
H2F2 1.354e-016 1.354e-016 -15.868 -15.868 0.000
FeF3 1.948e-017 1.948e-017 -16.710 -16.710 0.000
SiF6-2 2.055e-026 4.076e-027 -25.687 -26.390 -0.703

Fe(2) 4.137e-007
Fe+2 3.627e-007 8.016e-009 -6.440 -8.096 -1.656
FeSO4 5.060e-008 5.060e-008 -7.296 -7.296 0.000
FeHCO3+ 2.967e-010 2.065e-010 -9.528 -9.685 -0.158
FeHPO4 4.689e-011 4.689e-011 -10.329 -10.329 0.000
FeOH+ 4.040e-011 2.696e-011 -10.394 -10.569 -0.176
FeH2PO4+ 4.866e-012 3.306e-012 -11.313 -11.481 -0.168
Fe(OH)2 1.525e-015 1.525e-015 -14.817 -14.817 0.000
Fe(OH)3- 1.739e-016 1.161e-016 -15.760 -15.935 -0.176
Fe(HS)2 0.000e+000 0.000e+000 -116.912 -116.912 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -173.344 -173.758 -0.414

Fe(3) 1.040e-008
Fe(OH)2+ 1.010e-008 6.859e-009 -7.996 -8.164 -0.168
Fe(OH)3 2.232e-010 2.232e-010 -9.651 -9.651 0.000
Fe(OH)4- 7.827e-011 5.317e-011 -10.106 -10.274 -0.168
FeOH+2 1.307e-013 2.591e-014 -12.884 -13.586 -0.703
FeHPO4+ 1.209e-014 8.212e-015 -13.918 -14.086 -0.168
FeF+2 2.130e-016 4.223e-017 -15.672 -16.374 -0.703
FeF2+ 1.975e-016 1.318e-016 -15.705 -15.880 -0.176
Fe(SO4)2- 1.354e-016 5.219e-017 -15.868 -16.282 -0.414
FeSO4+ 1.059e-016 7.068e-017 -15.975 -16.151 -0.176
FeF3 1.948e-017 1.948e-017 -16.710 -16.710 0.000
Fe+3 4.473e-018 3.522e-019 -17.349 -18.453 -1.104
FeCl+2 4.340e-018 8.606e-019 -17.363 -18.065 -0.703
FeCl2+ 1.245e-018 8.310e-019 -17.905 -18.080 -0.176
Fe2(OH)2+4 1.625e-019 3.876e-026 -18.789 -25.412 -6.623
FeHSeO3+2 1.104e-019 2.439e-021 -18.957 -20.613 -1.656
FeH2PO4+2 2.585e-020 5.504e-021 -19.588 -20.259 -0.672
FeCl3 1.099e-020 1.099e-020 -19.959 -19.959 0.000
Fe3(OH)4+5 7.272e-023 3.265e-033 -22.138 -32.486 -10.348

H(0) 1.283e-024
H2 6.413e-025 7.521e-025 -24.193 -24.124 0.069

K 8.150e-003
K+ 6.682e-003 5.038e-003 -2.175 -2.298 -0.123
KSO4- 1.468e-003 9.970e-004 -2.833 -3.001 -0.168
KHPO4- 8.267e-008 5.616e-008 -7.083 -7.251 -0.168

Mg 1.174e-002
MgSO4 7.143e-003 7.143e-003 -2.146 -2.146 0.000
Mg+2 4.506e-003 1.456e-003 -2.346 -2.837 -0.491
MgHCO3+ 6.040e-005 3.824e-005 -4.219 -4.417 -0.199
MgF+ 2.574e-005 1.676e-005 -4.589 -4.776 -0.186
MgCO3 2.533e-006 2.533e-006 -5.596 -5.596 0.000
MgHPO4 1.440e-006 1.440e-006 -5.842 -5.842 0.000
MgH2PO4+ 9.399e-008 6.385e-008 -7.027 -7.195 -0.168
MgOH+ 5.351e-008 3.790e-008 -7.272 -7.421 -0.150
MgPO4- 1.279e-009 8.687e-010 -8.893 -9.061 -0.168

Mn(2) 2.438e-005
Mn+2 2.201e-005 4.865e-007 -4.657 -6.313 -1.656
MnSO4 2.192e-006 2.192e-006 -5.659 -5.659 0.000
MnCl+ 1.214e-007 8.099e-008 -6.916 -7.092 -0.176
MnHCO3+ 3.732e-008 2.491e-008 -7.428 -7.604 -0.176
MnCl2 1.513e-008 1.513e-008 -7.820 -7.820 0.000
MnF+ 3.106e-009 2.073e-009 -8.508 -8.683 -0.176
MnCl3- 8.258e-010 5.511e-010 -9.083 -9.259 -0.176
MnOH+ 1.547e-010 1.032e-010 -9.811 -9.986 -0.176
Mn(OH)3- 2.442e-019 1.630e-019 -18.612 -18.788 -0.176
MnSeO4 8.832e-020 8.832e-020 -19.054 -19.054 0.000
Mn(OH)4-2 7.388e-025 1.465e-025 -24.131 -24.834 -0.703
MnSe 1.448e-028 1.448e-028 -27.839 -27.839 0.000

Mn(3) 3.247e-029
Mn+3 3.247e-029 2.557e-030 -28.488 -29.592 -1.104

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -58.781 -59.483 -0.703

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -66.592 -66.820 -0.228

Mo 3.141e-005
MoO4-2 3.140e-005 1.015e-005 -4.503 -4.994 -0.491
HMoO4- 1.212e-008 4.674e-009 -7.916 -8.330 -0.414
H2MoO4 3.248e-012 3.248e-012 -11.488 -11.488 0.000
Mo7O24-6 3.054e-025 3.838e-040 -24.515 -39.416 -14.901
AlMo6O21-3 8.556e-030 1.611e-033 -29.068 -32.793 -3.725
HMo7O24-5 5.971e-031 0.000e+000 -30.224 -40.572 -10.348
H2Mo7O24-4 2.267e-037 0.000e+000 -36.645 -43.267 -6.623
H3Mo7O24-3 0.000e+000 0.000e+000 -43.727 -47.452 -3.725

Na 7.829e-001
Na+ 6.636e-001 5.004e-001 -0.178 -0.301 -0.123
NaSO4- 1.181e-001 8.026e-002 -0.928 -1.096 -0.168
NaHCO3 1.055e-003 1.055e-003 -2.977 -2.977 0.000
NaCO3- 5.726e-005 3.889e-005 -4.242 -4.410 -0.168
NaF 3.308e-005 3.308e-005 -4.480 -4.480 0.000
NaHPO4- 1.272e-005 8.639e-006 -4.896 -5.064 -0.168

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -48.460 -48.391 0.069

P 2.750e-005
NaHPO4- 1.272e-005 8.639e-006 -4.896 -5.064 -0.168
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HPO4-2 1.021e-005 2.025e-006 -4.991 -5.694 -0.703
H2PO4- 1.780e-006 1.209e-006 -5.750 -5.918 -0.168
MgHPO4 1.440e-006 1.440e-006 -5.842 -5.842 0.000
CaHPO4 1.041e-006 1.041e-006 -5.983 -5.983 0.000
MgH2PO4+ 9.399e-008 6.385e-008 -7.027 -7.195 -0.168
KHPO4- 8.267e-008 5.616e-008 -7.083 -7.251 -0.168
CaPO4- 8.167e-008 5.548e-008 -7.088 -7.256 -0.168
CaH2PO4+ 4.482e-008 3.044e-008 -7.349 -7.516 -0.168
SrHPO4 3.483e-009 3.483e-009 -8.458 -8.458 0.000
MgPO4- 1.279e-009 8.687e-010 -8.893 -9.061 -0.168
PO4-3 2.217e-010 1.746e-011 -9.654 -10.758 -1.104
SrH2PO4+ 1.084e-010 4.180e-011 -9.965 -10.379 -0.414
FeHPO4 4.689e-011 4.689e-011 -10.329 -10.329 0.000
H3PO4 5.096e-012 5.096e-012 -11.293 -11.293 0.000
FeH2PO4+ 4.866e-012 3.306e-012 -11.313 -11.481 -0.168
FeHPO4+ 1.209e-014 8.212e-015 -13.918 -14.086 -0.168
FeH2PO4+2 2.585e-020 5.504e-021 -19.588 -20.259 -0.672

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -58.469 -58.883 -0.414
H2S 0.000e+000 0.000e+000 -59.109 -59.109 0.000
S5-2 0.000e+000 0.000e+000 -59.491 -61.147 -1.656
S6-2 0.000e+000 0.000e+000 -59.658 -61.314 -1.656
S4-2 0.000e+000 0.000e+000 -60.103 -61.759 -1.656
S3-2 0.000e+000 0.000e+000 -60.936 -62.591 -1.656
S2-2 0.000e+000 0.000e+000 -61.991 -63.646 -1.656
S-2 0.000e+000 0.000e+000 -68.489 -69.191 -0.703
Fe(HS)2 0.000e+000 0.000e+000 -116.912 -116.912 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -173.344 -173.758 -0.414

S(6) 2.299e-001
NaSO4- 1.181e-001 8.026e-002 -0.928 -1.096 -0.168
SO4-2 9.441e-002 3.051e-002 -1.025 -1.516 -0.491
CaSO4 8.731e-003 8.731e-003 -2.059 -2.059 0.000
MgSO4 7.143e-003 7.143e-003 -2.146 -2.146 0.000
KSO4- 1.468e-003 9.970e-004 -2.833 -3.001 -0.168
SrSO4 3.865e-005 3.865e-005 -4.413 -4.413 0.000
MnSO4 2.192e-006 2.192e-006 -5.659 -5.659 0.000
HSO4- 1.016e-007 6.614e-008 -6.993 -7.180 -0.186
FeSO4 5.060e-008 5.060e-008 -7.296 -7.296 0.000
AlSO4+ 1.420e-011 9.243e-012 -10.848 -11.034 -0.186
Al(SO4)2- 6.548e-012 4.263e-012 -11.184 -11.370 -0.186
Fe(SO4)2- 1.354e-016 5.219e-017 -15.868 -16.282 -0.414
FeSO4+ 1.059e-016 7.068e-017 -15.975 -16.151 -0.176

Se(-2) 6.648e-024
HSe- 6.648e-024 2.563e-024 -23.177 -23.591 -0.414
H2Se 6.581e-028 6.581e-028 -27.182 -27.182 0.000
MnSe 1.448e-028 1.448e-028 -27.839 -27.839 0.000
Se-2 1.169e-030 2.582e-032 -29.932 -31.588 -1.656

Se(4) 3.198e-005
SeO3-2 2.039e-005 4.505e-007 -4.691 -6.346 -1.656
HSeO3- 1.160e-005 4.472e-006 -4.936 -5.350 -0.414
H2SeO3 5.931e-011 5.931e-011 -10.227 -10.227 0.000
FeHSeO3+2 1.104e-019 2.439e-021 -18.957 -20.613 -1.656

Se(6) 2.815e-015
SeO4-2 2.815e-015 9.098e-016 -14.550 -15.041 -0.491
MnSeO4 8.832e-020 8.832e-020 -19.054 -19.054 0.000
HSeO4- 2.568e-021 9.900e-022 -20.590 -21.004 -0.414

Si 5.119e-005
H4SiO4 5.094e-005 5.973e-005 -4.293 -4.224 0.069
H3SiO4- 2.506e-007 1.587e-007 -6.601 -6.800 -0.199
H2SiO4-2 5.515e-013 1.174e-013 -12.258 -12.930 -0.672
SiF6-2 2.055e-026 4.076e-027 -25.687 -26.390 -0.703

Sr 6.227e-005
SrSO4 3.865e-005 3.865e-005 -4.413 -4.413 0.000
Sr+2 2.331e-005 7.533e-006 -4.632 -5.123 -0.491
SrHCO3+ 2.877e-007 2.001e-007 -6.541 -6.699 -0.158
SrCO3 8.572e-009 8.572e-009 -8.067 -8.067 0.000
SrF+ 6.638e-009 2.559e-009 -8.178 -8.592 -0.414
SrHPO4 3.483e-009 3.483e-009 -8.458 -8.458 0.000
SrH2PO4+ 1.084e-010 4.180e-011 -9.965 -10.379 -0.414
SrOH+ 5.662e-012 3.778e-012 -11.247 -11.423 -0.176

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.65 9.18 11.83 Al(OH)3
Al2(MoO4)3 -46.07 -41.28 4.79 Al2(MoO4)3
Al2O3 -3.68 18.38 22.05 Al2O3
Al4(OH)10SO4 -2.39 20.31 22.70 Al4(OH)10SO4
AlAsO4:2H2O -7.37 -2.57 4.80 AlAsO4:2H2O
AlOHSO4 -3.99 -7.22 -3.23 AlOHSO4
Alunite -0.67 -0.12 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.06 -4.35 -4.29 CaSO4
Aragonite -0.22 -8.41 -8.19 CaCO3
Arsenolite -47.53 -50.85 -3.32 As4O6
Artinite -7.10 3.62 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -30.40 -23.48 6.92 As2O5
Ba(OH)2:8H2O -18.76 6.14 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 4.17 -4.84 -9.01 Ba3(AsO4)2
BaF2 -10.56 -16.41 -5.86 BaF2
BaHPO4 -7.11 -26.89 -19.77 BaHPO4
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BaMoO4 -6.61 -13.67 -7.06 BaMoO4
Barite 0.00 -10.19 -10.19 BaSO4
BaS -76.29 -60.11 16.18 BaS
BaSeO3 -8.30 -6.58 1.72 BaSeO3
BaSeO4 -16.05 -23.72 -7.66 BaSeO4
Birnessite -14.83 3.26 18.09 MnO2
Bixbyite -15.02 -14.51 0.51 Mn2O3
Boehmite -0.49 9.18 9.67 AlOOH
Brucite -5.86 12.05 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -9.65 12.65 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) -0.61 -30.03 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -4.02 -51.10 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.48 -21.05 -19.56 CaHPO4
CaHPO4:2H2O -1.85 -21.06 -19.21 CaHPO4:2H2O
Calcite 0.00 -8.41 -8.41 CaCO3
CaMoO4 0.10 -7.83 -7.93 CaMoO4
CaSeO3:2H2O -3.75 -0.75 2.99 CaSeO3:2H2O
CaSeO4:2H2O -14.95 -17.89 -2.94 CaSeO4:2H2O
Celestite 0.00 -6.64 -6.64 SrSO4
CH4(g) -61.18 -104.61 -43.43 CH4
Chalcedony -0.47 -4.21 -3.73 SiO2
Chrysotile -6.29 27.73 34.02 Mg3Si2O5(OH)4
Claudetite -47.26 -50.85 -3.58 As4O6
CO2(g) -2.28 -20.46 -18.18 CO2
Cristobalite -0.67 -4.21 -3.54 SiO2
Cryolite -3.07 -37.26 -34.19 Na3AlF6
Diaspore 1.36 9.18 7.83 AlOOH
Dolomite(disordered) -0.70 -16.81 -16.11 CaMg(CO3)2
Dolomite(ordered) -0.09 -16.81 -16.72 CaMg(CO3)2
Epsomite -2.18 -4.41 -2.23 MgSO4:7H2O
FCO3Apatite 21.06 -94.86 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -6.78 6.79 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 4.42 1.38 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -6.59 -5.04 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -10.00 -30.62 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -39.96 -41.45 -1.49 Fe2(SO4)3
Fe3(OH)8 -5.69 14.53 20.22 Fe3(OH)8
FeAsO4:2H2O -8.27 -7.87 0.40 FeAsO4:2H2O
FeMoO4 -3.10 -13.09 -9.99 FeMoO4
Ferrihydrite -0.00 3.87 3.87 Fe(OH)3
Ferroselite -15.20 -34.24 -19.03 FeSe2
FeS(ppt) -56.68 -59.53 -2.85 FeS
FeSe -13.22 -24.24 -11.02 FeSe
Fluorite -0.00 -10.57 -10.57 CaF2
Gibbsite 0.00 9.18 9.18 Al(OH)3
Goethite 2.83 3.88 1.05 FeOOH
Greenalite -8.85 11.96 20.81 Fe3Si2O5(OH)4
Greigite -205.70 -250.73 -45.03 Fe3S4
Gypsum 0.25 -4.37 -4.62 CaSO4:2H2O
H-Jarosite -11.24 -21.20 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -6.56 -19.89 -13.33 H2MoO4
H2S(g) -58.32 -66.33 -8.01 H2S
H2Se(g) -26.22 -31.04 -4.82 H2Se
Halite -2.75 -1.18 1.57 NaCl
Halloysite -1.31 9.95 11.26 Al2Si2O5(OH)4
Hausmannite -18.17 46.77 64.94 Mn3O4
Hematite 7.99 7.77 -0.22 Fe2O3
Hercynite -0.63 25.17 25.81 FeAl2O4
Huntite -4.65 -33.62 -28.97 CaMg3(CO3)4
Hydromagnesite -14.87 -21.61 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 5.31 -39.02 -44.33 Ca5(PO4)3OH
K-Alum -13.12 -18.58 -5.45 KAl(SO4)2:12H2O
K-Jarosite -2.45 -16.04 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -12.88 -9.59 3.29 K2MoO4
K2SeO4 -18.91 -19.64 -0.73 K2SeO4
Kaolinite 1.14 9.95 8.81 Al2Si2O5(OH)4
Lepidocrocite 2.51 3.88 1.37 FeOOH
Lime -22.44 12.05 34.50 CaO
Mackinawite -55.93 -59.53 -3.60 FeS
Maghemite 1.38 7.77 6.39 Fe2O3
Magnesioferrite 0.37 19.82 19.45 Fe2MgO4
Magnesite -0.76 -8.41 -7.65 MgCO3
Magnetite 9.23 14.56 5.34 Fe3O4
Manganite -6.25 19.09 25.34 MnOOH
Melanterite -7.27 -9.67 -2.40 FeSO4:7H2O
Mg(OH)2(active) -6.75 12.05 18.79 Mg(OH)2
Mg3(PO4)2 -6.75 -30.03 -23.28 Mg3(PO4)2
MgF2 -2.52 -10.57 -8.06 MgF2
MgHPO4:3H2O -2.89 -21.07 -18.18 MgHPO4:3H2O
MgMoO4 -5.98 -7.83 -1.85 MgMoO4
MgSeO3:6H2O -3.79 -0.79 3.01 MgSeO3:6H2O
MgSeO4:6H2O -16.73 -17.93 -1.20 MgSeO4:6H2O
Mirabilite -0.35 -2.20 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -59.54 -63.73 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -10.31 2.19 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -16.55 -40.45 -23.91 Mn3(PO4)2
MnCl2:4H2O -10.92 -8.10 2.82 MnCl2:4H2O
MnHPO4 0.88 -24.52 -25.40 MnHPO4
MnS(grn) -58.21 -57.75 0.47 MnS
MnS(pnk) -61.09 -57.75 3.34 MnS
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MnSe -26.87 -22.45 4.41 MnSe
MnSeO3 -5.34 -4.21 1.13 MnSeO3
MnSeO3:2H2O -5.13 -4.23 0.90 MnSeO3:2H2O
MnSeO4:5H2O -19.34 -21.39 -2.05 MnSeO4:5H2O
MnSO4 -11.01 -7.83 3.18 MnSO4
MoO3 -11.89 -19.89 -8.00 MoO3
MoS2 -99.70 -173.57 -73.87 MoS2
Na-Jarosite -4.25 -14.04 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -8.36 -25.48 -17.12 Na2Mo2O7
Na2MoO4 -7.18 -5.60 1.58 Na2MoO4
Na2MoO4:2H2O -6.84 -5.61 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -8.84 1.46 10.30 Na2SeO3:5H2O
Na2SeO4 -16.92 -15.64 1.28 Na2SeO4
Natron -4.33 -6.25 -1.92 Na2CO3:10H2O
Nesquehonite -3.98 -8.43 -4.45 MgCO3:3H2O
Nsutite -14.24 3.26 17.50 MnO2
O2(g) -46.33 42.07 88.39 O2
Orpiment -160.08 -224.40 -64.32 As2S3
Periclase -10.93 12.05 22.99 MgO
Portlandite -11.95 12.05 24.00 Ca(OH)2
Pyrite -85.85 -104.82 -18.97 FeS2
Pyrochroite -7.52 8.57 16.09 Mn(OH)2
Pyrolusite -14.29 29.61 43.90 MnO2
Quartz 0.00 -4.21 -4.21 SiO2
Realgar -68.62 -89.55 -20.93 AsS
Rhodochrosite -1.32 -11.88 -10.56 MnCO3
Semetal(am) -2.79 -10.00 -7.21 Se
Semetal(hex -2.14 -10.00 -7.86 Se
SeO2 -12.90 -12.79 0.11 SeO2
SeO3 -52.34 -29.93 22.40 SeO3
Sepiolite -5.36 11.46 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -7.32 11.46 18.78 Mg2Si3O7.5OH:3H2O
Siderite -3.57 -13.66 -10.09 FeCO3
SiO2(am-gel) -1.37 -4.21 -2.84 SiO2
SiO2(am-ppt) -1.33 -4.21 -2.88 SiO2
Spinel -10.02 30.43 40.45 MgAl2O4
SrF2 -4.24 -12.86 -8.62 SrF2
SrHPO4 -4.04 -23.33 -19.30 SrHPO4
SrSeO3 -5.32 -3.02 2.30 SrSeO3
SrSeO4 -15.76 -20.16 -4.40 SrSeO4
Strengite -2.91 -29.23 -26.31 FePO4:2H2O
Strontianite -1.42 -10.69 -9.27 SrCO3
Sulfur -43.30 -45.29 -1.99 S
Thenardite -2.52 -2.12 0.41 Na2SO4
Thermonatrite -6.91 -6.18 0.73 Na2CO3:H2O
Vivianite -9.87 -45.87 -36.00 Fe3(PO4)2:8H2O
Witherite -5.64 -14.25 -8.61 BaCO3

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------
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Appendix C – 5. Beal Mountain RO Water Treatment Facility PHREEQC Modeling Data –
Beginning of Treatment Season, 2014

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

Solution 1 - Beal Mtn 2014 Start of Season
pH 8.9
temp 10
Units mg/L
Alkalinity 52.00
As 0.21
Cl 381.00
F 0.30
P 0.05
Se 0.16
Si 5.60
S(6) 2500.00
Al 0.03
Ba 0.02
Ca 633.00
Fe 1.05
Mg 18.00
Mn 0.08
Mo 0.19
K 19.60
Na 1103
Sr 3.80
EQUILIBRIUM_PHASES 1
Barite 0 0
Gypsum 0.15 10 #Assume 141% saturation at beginning of

the season
Calcite 0 0
Celestite 0 0
Ca3(PO4)2(beta) 0 0
Ferrihydrite 0 0
Fluorite 0 0
Quartz 0 0
SiO2(am-gel) 0 0
SiO2(am-ppt) 0 0
SrF2 0 0
Strontianite 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 2014 Start of Season

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 1.117e-006 1.117e-006
Alkalinity 8.562e-004 8.562e-004
As 2.816e-006 2.816e-006
Ba 1.463e-007 1.463e-007
Ca 1.587e-002 1.587e-002
Cl 1.080e-002 1.080e-002
F 1.587e-005 1.587e-005
Fe 1.889e-005 1.889e-005
K 5.037e-004 5.037e-004
Mg 7.441e-004 7.441e-004
Mn 1.463e-006 1.463e-006
Mo 1.990e-006 1.990e-006
Na 4.821e-002 4.821e-002
P 1.622e-006 1.622e-006
S(6) 2.615e-002 2.615e-002
Se 2.036e-006 2.036e-006
Si 9.364e-005 9.364e-005
Sr 4.357e-005 4.357e-005
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----------------------------Description of solution----------------------------

pH = 8.900
pe = 4.000

Activity of water = 0.998
Ionic strength = 8.819e-002

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 7.005e-004

Total CO2 (mol/kg) = 7.005e-004
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.807e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 15.28

Iterations = 10
Total H = 1.110147e+002
Total O = 5.561401e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.124e-006 2.423e-006 -5.505 -5.616 -0.110
H+ 1.588e-009 1.259e-009 -8.799 -8.900 -0.101
H2O 5.551e+001 9.984e-001 1.744 -0.001 0.000

Al 1.117e-006
Al(OH)4- 1.082e-006 8.541e-007 -5.966 -6.069 -0.103
Al(OH)3 3.443e-008 3.443e-008 -7.463 -7.463 0.000
Al(OH)2+ 2.702e-010 2.161e-010 -9.568 -9.665 -0.097
AlOH+2 2.998e-014 1.227e-014 -13.523 -13.911 -0.388
AlF2+ 2.489e-015 1.990e-015 -14.604 -14.701 -0.097
AlF+2 1.118e-015 4.574e-016 -14.952 -15.340 -0.388
AlF3 2.939e-016 2.939e-016 -15.532 -15.532 0.000
AlSO4+ 1.679e-016 1.325e-016 -15.775 -15.878 -0.103
Al+3 3.443e-017 4.267e-018 -16.463 -17.370 -0.907
Al(SO4)2- 1.847e-017 1.457e-017 -16.733 -16.836 -0.103
AlF4- 2.208e-018 1.742e-018 -17.656 -17.759 -0.103
AlMo6O21-3 0.000e+000 0.000e+000 -51.071 -52.401 -1.330

As(3) 3.974e-021
H3AsO3 3.013e-021 3.013e-021 -20.521 -20.521 0.000
H2AsO3- 9.601e-022 6.832e-022 -21.018 -21.165 -0.148
HAsO3-2 9.741e-025 2.498e-025 -24.011 -24.602 -0.591
AsO3-3 9.514e-029 4.453e-030 -28.022 -29.351 -1.330
H4AsO3+ 2.641e-030 1.879e-030 -29.578 -29.726 -0.148

As(5) 2.816e-006
HAsO4-2 2.777e-006 7.123e-007 -5.556 -6.147 -0.591
AsO4-3 2.658e-008 1.244e-009 -7.575 -8.905 -1.330
H2AsO4- 1.225e-008 8.719e-009 -7.912 -8.060 -0.148
H3AsO4 1.606e-015 1.639e-015 -14.794 -14.785 0.009

Ba 1.463e-007
Ba+2 1.459e-007 5.768e-008 -6.836 -7.239 -0.403
BaCO3 2.548e-010 2.548e-010 -9.594 -9.594 0.000
BaHCO3+ 1.781e-010 1.436e-010 -9.749 -9.843 -0.093
BaOH+ 6.894e-013 5.482e-013 -12.161 -12.261 -0.100

C(4) 7.005e-004
HCO3- 5.561e-004 4.448e-004 -3.255 -3.352 -0.097
CaCO3 5.439e-005 5.439e-005 -4.264 -4.264 0.000
CO3-2 3.067e-005 1.212e-005 -4.513 -4.916 -0.403
CaHCO3+ 2.669e-005 2.152e-005 -4.574 -4.667 -0.093
NaCO3- 1.605e-005 1.284e-005 -4.795 -4.892 -0.097
NaHCO3 1.234e-005 1.234e-005 -4.909 -4.909 0.000
MgCO3 1.563e-006 1.563e-006 -5.806 -5.806 0.000
H2CO3 1.532e-006 1.532e-006 -5.815 -5.815 0.000
MgHCO3+ 1.070e-006 8.369e-007 -5.971 -6.077 -0.107
SrHCO3+ 6.070e-008 4.895e-008 -7.217 -7.310 -0.093
SrCO3 5.911e-008 5.911e-008 -7.228 -7.228 0.000
MnHCO3+ 2.995e-009 2.381e-009 -8.524 -8.623 -0.100
BaCO3 2.548e-010 2.548e-010 -9.594 -9.594 0.000
BaHCO3+ 1.781e-010 1.436e-010 -9.749 -9.843 -0.093
FeHCO3+ 1.582e-012 1.276e-012 -11.801 -11.894 -0.093

Ca 1.587e-002
Ca+2 1.008e-002 3.985e-003 -1.997 -2.400 -0.403
CaSO4 5.708e-003 5.708e-003 -2.244 -2.244 0.000
CaCO3 5.439e-005 5.439e-005 -4.264 -4.264 0.000
CaHCO3+ 2.669e-005 2.152e-005 -4.574 -4.667 -0.093
CaPO4- 6.059e-007 4.846e-007 -6.218 -6.315 -0.097
CaF+ 4.797e-007 3.814e-007 -6.319 -6.419 -0.100
CaHPO4 3.226e-007 3.226e-007 -6.491 -6.491 0.000
CaOH+ 2.001e-007 1.613e-007 -6.699 -6.792 -0.093
CaH2PO4+ 4.183e-010 3.346e-010 -9.379 -9.476 -0.097

Cl 1.080e-002
Cl- 1.080e-002 8.562e-003 -1.967 -2.067 -0.101
MnCl+ 3.962e-009 3.150e-009 -8.402 -8.502 -0.100
MnCl2 3.810e-011 3.810e-011 -10.419 -10.419 0.000
MnCl3- 1.130e-013 8.985e-014 -12.947 -13.047 -0.100
FeCl+2 4.594e-020 1.836e-020 -19.338 -19.736 -0.398
FeCl2+ 1.444e-021 1.148e-021 -20.840 -20.940 -0.100
FeCl3 9.831e-025 9.831e-025 -24.007 -24.007 0.000

F 1.587e-005
F- 1.492e-005 1.183e-005 -4.826 -4.927 -0.101
CaF+ 4.797e-007 3.814e-007 -6.319 -6.419 -0.100
MgF+ 2.552e-007 2.014e-007 -6.593 -6.696 -0.103
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NaF 2.126e-007 2.126e-007 -6.673 -6.673 0.000
SrF+ 4.829e-010 3.436e-010 -9.316 -9.464 -0.148
MnF+ 1.368e-010 1.088e-010 -9.864 -9.963 -0.100
HF 1.658e-011 1.658e-011 -10.780 -10.780 0.000
AlF2+ 2.489e-015 1.990e-015 -14.604 -14.701 -0.097
AlF+2 1.118e-015 4.574e-016 -14.952 -15.340 -0.388
HF2- 8.805e-016 6.830e-016 -15.055 -15.166 -0.110
AlF3 2.939e-016 2.939e-016 -15.532 -15.532 0.000
FeF+2 3.042e-018 1.216e-018 -17.517 -17.915 -0.398
AlF4- 2.208e-018 1.742e-018 -17.656 -17.759 -0.103
FeF2+ 4.169e-019 3.315e-019 -18.380 -18.480 -0.100
FeF3 4.281e-021 4.281e-021 -20.368 -20.368 0.000
H2F2 1.300e-021 1.300e-021 -20.886 -20.886 0.000
SiF6-2 9.763e-039 3.903e-039 -38.010 -38.409 -0.398

Fe(2) 1.722e-009
Fe+2 1.214e-009 3.113e-010 -8.916 -9.507 -0.591
FeSO4 4.687e-010 4.687e-010 -9.329 -9.329 0.000
FeOH+ 3.776e-011 3.003e-011 -10.423 -10.522 -0.100
FeHCO3+ 1.582e-012 1.276e-012 -11.801 -11.894 -0.093
FeHPO4 2.059e-013 2.059e-013 -12.686 -12.686 0.000
Fe(OH)3- 1.337e-013 1.063e-013 -12.874 -12.973 -0.100
Fe(OH)2 4.871e-014 4.871e-014 -13.312 -13.312 0.000
FeH2PO4+ 6.435e-016 5.147e-016 -15.191 -15.288 -0.097

Fe(3) 1.889e-005
Fe(OH)4- 1.483e-005 1.186e-005 -4.829 -4.926 -0.097
Fe(OH)2+ 2.325e-006 1.860e-006 -5.634 -5.731 -0.097
Fe(OH)3 1.736e-006 1.736e-006 -5.761 -5.761 0.000
FeOH+2 6.129e-013 2.450e-013 -12.213 -12.611 -0.398
FeHPO4+ 3.826e-016 3.060e-016 -15.417 -15.514 -0.097
FeSO4+ 6.989e-018 5.557e-018 -17.156 -17.255 -0.100
FeF+2 3.042e-018 1.216e-018 -17.517 -17.915 -0.398
Fe(SO4)2- 1.375e-018 9.787e-019 -17.862 -18.009 -0.148
Fe+3 9.369e-019 1.161e-019 -18.028 -18.935 -0.907
FeF2+ 4.169e-019 3.315e-019 -18.380 -18.480 -0.100
FeCl+2 4.594e-020 1.836e-020 -19.338 -19.736 -0.398
FeF3 4.281e-021 4.281e-021 -20.368 -20.368 0.000
FeCl2+ 1.444e-021 1.148e-021 -20.840 -20.940 -0.100
Fe2(OH)2+4 8.009e-022 3.464e-024 -21.096 -23.460 -2.364
FeHSeO3+2 1.144e-022 2.933e-023 -21.942 -22.533 -0.591
FeH2PO4+2 1.778e-023 7.274e-024 -22.750 -23.138 -0.388
FeCl3 9.831e-025 9.831e-025 -24.007 -24.007 0.000
Fe3(OH)4+5 3.909e-025 7.913e-029 -24.408 -28.102 -3.694

H(0) 2.573e-029
H2 1.287e-029 1.313e-029 -28.891 -28.882 0.009

K 5.037e-004
K+ 4.812e-004 3.815e-004 -3.318 -3.418 -0.101
KSO4- 2.252e-005 1.801e-005 -4.648 -4.745 -0.097
KHPO4- 6.011e-010 4.808e-010 -9.221 -9.318 -0.097

Mg 7.441e-004
Mg+2 5.067e-004 2.003e-004 -3.295 -3.698 -0.403
MgSO4 2.343e-004 2.343e-004 -3.630 -3.630 0.000
MgCO3 1.563e-006 1.563e-006 -5.806 -5.806 0.000
MgHCO3+ 1.070e-006 8.369e-007 -5.971 -6.077 -0.107
MgF+ 2.552e-007 2.014e-007 -6.593 -6.696 -0.103
MgOH+ 1.842e-007 1.495e-007 -6.735 -6.825 -0.091
MgHPO4 2.238e-008 2.238e-008 -7.650 -7.650 0.000
MgPO4- 4.762e-010 3.808e-010 -9.322 -9.419 -0.097
MgH2PO4+ 4.403e-011 3.521e-011 -10.356 -10.453 -0.097

Mn(2) 1.463e-006
Mn+2 1.140e-006 2.923e-007 -5.943 -6.534 -0.591
MnSO4 3.141e-007 3.141e-007 -6.503 -6.503 0.000
MnCl+ 3.962e-009 3.150e-009 -8.402 -8.502 -0.100
MnHCO3+ 2.995e-009 2.381e-009 -8.524 -8.623 -0.100
MnOH+ 2.237e-009 1.779e-009 -8.650 -8.750 -0.100
MnF+ 1.368e-010 1.088e-010 -9.864 -9.963 -0.100
MnCl2 3.810e-011 3.810e-011 -10.419 -10.419 0.000
MnCl3- 1.130e-013 8.985e-014 -12.947 -13.047 -0.100
MnSeO4 3.179e-015 3.179e-015 -14.498 -14.498 0.000
Mn(OH)3- 2.906e-015 2.310e-015 -14.537 -14.636 -0.100
Mn(OH)4-2 1.490e-019 5.956e-020 -18.827 -19.225 -0.398
MnSe 0.000e+000 0.000e+000 -42.345 -42.345 0.000

Mn(3) 1.052e-028
Mn+3 1.052e-028 1.304e-029 -27.978 -28.885 -0.907

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -43.960 -44.358 -0.398

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -50.651 -50.766 -0.114

Mo 1.990e-006
MoO4-2 1.990e-006 7.866e-007 -5.701 -6.104 -0.403
HMoO4- 1.806e-011 1.285e-011 -10.743 -10.891 -0.148
H2MoO4 3.167e-016 3.167e-016 -15.499 -15.499 0.000
AlMo6O21-3 0.000e+000 0.000e+000 -51.071 -52.401 -1.330
Mo7O24-6 0.000e+000 0.000e+000 -53.502 -58.821 -5.319
HMo7O24-5 0.000e+000 0.000e+000 -57.733 -61.427 -3.694
H2Mo7O24-4 0.000e+000 0.000e+000 -63.208 -65.572 -2.364
H3Mo7O24-3 0.000e+000 0.000e+000 -69.878 -71.208 -1.330

Na 4.821e-002
Na+ 4.642e-002 3.681e-002 -1.333 -1.434 -0.101
NaSO4- 1.760e-003 1.408e-003 -2.754 -2.851 -0.097
NaCO3- 1.605e-005 1.284e-005 -4.795 -4.892 -0.097
NaHCO3 1.234e-005 1.234e-005 -4.909 -4.909 0.000
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NaF 2.126e-007 2.126e-007 -6.673 -6.673 0.000
NaHPO4- 8.981e-008 7.183e-008 -7.047 -7.144 -0.097

O(0) 2.702e-039
O2 1.351e-039 1.379e-039 -38.869 -38.860 0.009

P 1.622e-006
CaPO4- 6.059e-007 4.846e-007 -6.218 -6.315 -0.097
HPO4-2 5.726e-007 2.289e-007 -6.242 -6.640 -0.398
CaHPO4 3.226e-007 3.226e-007 -6.491 -6.491 0.000
NaHPO4- 8.981e-008 7.183e-008 -7.047 -7.144 -0.097
MgHPO4 2.238e-008 2.238e-008 -7.650 -7.650 0.000
H2PO4- 6.060e-009 4.847e-009 -8.218 -8.315 -0.097
SrHPO4 6.051e-010 6.051e-010 -9.218 -9.218 0.000
KHPO4- 6.011e-010 4.808e-010 -9.221 -9.318 -0.097
MgPO4- 4.762e-010 3.808e-010 -9.322 -9.419 -0.097
PO4-3 4.490e-010 5.564e-011 -9.348 -10.255 -0.907
CaH2PO4+ 4.183e-010 3.346e-010 -9.379 -9.476 -0.097
MgH2PO4+ 4.403e-011 3.521e-011 -10.356 -10.453 -0.097
SrH2PO4+ 3.620e-013 2.576e-013 -12.441 -12.589 -0.148
FeHPO4 2.059e-013 2.059e-013 -12.686 -12.686 0.000
H3PO4 7.247e-016 7.247e-016 -15.140 -15.140 0.000
FeH2PO4+ 6.435e-016 5.147e-016 -15.191 -15.288 -0.097
FeHPO4+ 3.826e-016 3.060e-016 -15.417 -15.514 -0.097
FeH2PO4+2 1.778e-023 7.274e-024 -22.750 -23.138 -0.388

S(6) 2.615e-002
SO4-2 1.841e-002 7.277e-003 -1.735 -2.138 -0.403
CaSO4 5.708e-003 5.708e-003 -2.244 -2.244 0.000
NaSO4- 1.760e-003 1.408e-003 -2.754 -2.851 -0.097
MgSO4 2.343e-004 2.343e-004 -3.630 -3.630 0.000
KSO4- 2.252e-005 1.801e-005 -4.648 -4.745 -0.097
SrSO4 1.417e-005 1.417e-005 -4.849 -4.849 0.000
MnSO4 3.141e-007 3.141e-007 -6.503 -6.503 0.000
HSO4- 7.091e-010 5.595e-010 -9.149 -9.252 -0.103
FeSO4 4.687e-010 4.687e-010 -9.329 -9.329 0.000
AlSO4+ 1.679e-016 1.325e-016 -15.775 -15.878 -0.103
Al(SO4)2- 1.847e-017 1.457e-017 -16.733 -16.836 -0.103
FeSO4+ 6.989e-018 5.557e-018 -17.156 -17.255 -0.100
Fe(SO4)2- 1.375e-018 9.787e-019 -17.862 -18.009 -0.148

Se(-2) 6.642e-040
HSe- 6.642e-040 4.727e-040 -39.178 -39.325 -0.148
MnSe 0.000e+000 0.000e+000 -42.345 -42.345 0.000
H2Se 0.000e+000 0.000e+000 -44.366 -44.366 0.000
Se-2 0.000e+000 0.000e+000 -45.281 -45.872 -0.591

Se(4) 2.036e-006
SeO3-2 1.807e-006 4.633e-007 -5.743 -6.334 -0.591
HSeO3- 2.292e-007 1.631e-007 -6.640 -6.788 -0.148
H2SeO3 7.672e-014 7.672e-014 -13.115 -13.115 0.000
FeHSeO3+2 1.144e-022 2.933e-023 -21.942 -22.533 -0.591

Se(6) 1.379e-010
SeO4-2 1.379e-010 5.451e-011 -9.860 -10.264 -0.403
MnSeO4 3.179e-015 3.179e-015 -14.498 -14.498 0.000
HSeO4- 2.957e-018 2.104e-018 -17.529 -17.677 -0.148

Si 9.364e-005
H4SiO4 8.531e-005 8.706e-005 -4.069 -4.060 0.009
H3SiO4- 8.331e-006 6.520e-006 -5.079 -5.186 -0.107
H2SiO4-2 3.325e-010 1.361e-010 -9.478 -9.866 -0.388
SiF6-2 9.763e-039 3.903e-039 -38.010 -38.409 -0.398

Sr 4.357e-005
Sr+2 2.928e-005 1.158e-005 -4.533 -4.936 -0.403
SrSO4 1.417e-005 1.417e-005 -4.849 -4.849 0.000
SrHCO3+ 6.070e-008 4.895e-008 -7.217 -7.310 -0.093
SrCO3 5.911e-008 5.911e-008 -7.228 -7.228 0.000
SrHPO4 6.051e-010 6.051e-010 -9.218 -9.218 0.000
SrF+ 4.829e-010 3.436e-010 -9.316 -9.464 -0.148
SrOH+ 2.095e-010 1.666e-010 -9.679 -9.778 -0.100
SrH2PO4+ 3.620e-013 2.576e-013 -12.441 -12.589 -0.148

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.50 9.33 11.83 Al(OH)3
Al2(MoO4)3 -57.84 -53.05 4.79 Al2(MoO4)3
Al2O3 -3.39 18.66 22.05 Al2O3
Al4(OH)10SO4 -5.32 17.38 22.70 Al4(OH)10SO4
AlAsO4:2H2O -10.26 -5.46 4.80 AlAsO4:2H2O
AlOHSO4 -7.38 -10.61 -3.23 AlOHSO4
Alunite -6.96 -6.41 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.24 -4.54 -4.29 CaSO4
Aragonite 0.87 -7.32 -8.19 CaCO3
Arsenolite -78.76 -82.08 -3.32 As4O6
Artinite -5.23 5.48 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -36.48 -29.57 6.92 As2O5
Ba(OH)2:8H2O -14.34 10.55 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 11.12 2.11 -9.01 Ba3(AsO4)2
BaF2 -11.24 -17.09 -5.86 BaF2
BaHPO4 -6.62 -26.39 -19.77 BaHPO4
BaMoO4 -6.28 -13.34 -7.06 BaMoO4
Barite 0.82 -9.38 -10.19 BaSO4
BaSeO3 -6.85 -5.13 1.72 BaSeO3
BaSeO4 -9.84 -17.50 -7.66 BaSeO4
Birnessite -7.38 10.71 18.09 MnO2
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Bixbyite -4.88 -4.37 0.51 Mn2O3
Boehmite -0.34 9.33 9.67 AlOOH
Brucite -3.80 14.10 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -5.67 16.63 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) 1.71 -27.71 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -2.18 -49.26 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.99 -21.55 -19.56 CaHPO4
CaHPO4:2H2O -2.35 -21.56 -19.21 CaHPO4:2H2O
Calcite 1.09 -7.32 -8.41 CaCO3
CaMoO4 -0.57 -8.50 -7.93 CaMoO4
CaSeO3:2H2O -3.28 -0.29 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.72 -12.66 -2.94 CaSeO4:2H2O
Celestite -0.44 -7.07 -6.64 SrSO4
CH4(g) -82.48 -125.91 -43.43 CH4
Chalcedony -0.33 -4.06 -3.73 SiO2
Chrysotile 0.17 34.18 34.02 Mg3Si2O5(OH)4
Claudetite -78.50 -82.08 -3.58 As4O6
CO2(g) -4.53 -22.72 -18.18 CO2
Cristobalite -0.52 -4.06 -3.54 SiO2
Cryolite -17.04 -51.23 -34.19 Na3AlF6
Diaspore 1.50 9.33 7.83 AlOOH
Dolomite(disordered) 0.18 -15.93 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.79 -15.93 -16.72 CaMg(CO3)2
Epsomite -3.61 -5.84 -2.23 MgSO4:7H2O
FCO3Apatite 25.19 -90.74 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -5.27 8.29 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 7.51 4.47 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -1.71 -0.16 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -10.91 -31.53 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -42.80 -44.28 -1.49 Fe2(SO4)3
Fe3(OH)8 3.60 23.82 20.22 Fe3(OH)8
FeAsO4:2H2O -7.42 -7.02 0.40 FeAsO4:2H2O
FeMoO4 -5.62 -15.61 -9.99 FeMoO4
Ferrihydrite 3.89 7.76 3.87 Fe(OH)3
Ferroselite -43.32 -62.36 -19.03 FeSe2
FeSe -28.91 -39.93 -11.02 FeSe
Fluorite -1.68 -12.25 -10.57 CaF2
Gibbsite 0.15 9.33 9.18 Al(OH)3
Goethite 6.71 7.76 1.05 FeOOH
Greenalite -4.05 16.76 20.81 Fe3Si2O5(OH)4
Gypsum 0.08 -4.54 -4.62 CaSO4:2H2O
H-Jarosite -6.63 -16.59 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -10.57 -23.90 -13.33 H2MoO4
H2Se(g) -43.41 -48.23 -4.82 H2Se
Halite -5.07 -3.50 1.57 NaCl
Halloysite -0.72 10.54 11.26 Al2Si2O5(OH)4
Hausmannite -5.34 59.59 64.94 Mn3O4
Hematite 15.75 15.53 -0.22 Fe2O3
Hercynite 1.14 26.95 25.81 FeAl2O4
Huntite -4.19 -33.16 -28.97 CaMg3(CO3)4
Hydromagnesite -13.62 -20.36 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 10.47 -33.86 -44.33 Ca5(PO4)3OH
K-Alum -19.62 -25.07 -5.45 KAl(SO4)2:12H2O
K-Jarosite 2.48 -11.10 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -16.23 -12.94 3.29 K2MoO4
K2SeO4 -16.37 -17.10 -0.73 K2SeO4
Kaolinite 1.73 10.54 8.81 Al2Si2O5(OH)4
Lepidocrocite 6.39 7.76 1.37 FeOOH
Lime -19.10 15.40 34.50 CaO
Maghemite 9.14 15.53 6.39 Fe2O3
Magnesioferrite 10.18 29.63 19.45 Fe2MgO4
Magnesite -0.97 -8.61 -7.65 MgCO3
Magnetite 18.48 23.82 5.34 Fe3O4
Manganite -1.18 24.16 25.34 MnOOH
Melanterite -9.25 -11.65 -2.40 FeSO4:7H2O
Mg(OH)2(active) -4.69 14.10 18.79 Mg(OH)2
Mg3(PO4)2 -8.32 -31.60 -23.28 Mg3(PO4)2
MgF2 -5.50 -13.55 -8.06 MgF2
MgHPO4:3H2O -4.68 -22.86 -18.18 MgHPO4:3H2O
MgMoO4 -7.95 -9.80 -1.85 MgMoO4
MgSeO3:6H2O -4.60 -1.59 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.77 -13.97 -1.20 MgSeO4:6H2O
Mirabilite -3.16 -5.01 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -59.99 -64.18 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -8.28 4.22 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -16.20 -40.11 -23.91 Mn3(PO4)2
MnCl2:4H2O -13.49 -10.67 2.82 MnCl2:4H2O
MnHPO4 -0.29 -25.69 -25.40 MnHPO4
MnSe -41.37 -36.96 4.41 MnSe
MnSeO3 -5.55 -4.42 1.13 MnSeO3
MnSeO3:2H2O -5.33 -4.42 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.75 -16.80 -2.05 MnSeO4:5H2O
MnSO4 -11.86 -8.67 3.18 MnSO4
MoO3 -15.90 -23.90 -8.00 MoO3
Na-Jarosite 0.68 -9.12 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -15.76 -32.88 -17.12 Na2Mo2O7
Na2MoO4 -10.56 -8.97 1.58 Na2MoO4
Na2MoO4:2H2O -10.20 -8.97 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -11.06 -0.76 10.30 Na2SeO3:5H2O
Na2SeO4 -14.41 -13.13 1.28 Na2SeO4
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Natron -5.87 -7.79 -1.92 Na2CO3:10H2O
Nesquehonite -4.17 -8.62 -4.45 MgCO3:3H2O
Nsutite -6.79 10.71 17.50 MnO2
O2(g) -36.80 51.60 88.39 O2
Periclase -8.89 14.10 22.99 MgO
Portlandite -8.60 15.40 24.00 Ca(OH)2
Pyrochroite -4.83 11.26 16.09 Mn(OH)2
Pyrolusite -6.84 37.06 43.90 MnO2
Quartz 0.15 -4.06 -4.21 SiO2
Rhodochrosite -0.89 -11.45 -10.56 MnCO3
Semetal(am) -15.21 -22.43 -7.21 Se
Semetal(hex -14.57 -22.43 -7.86 Se
SeO2 -15.80 -15.69 0.11 SeO2
SeO3 -50.47 -28.06 22.40 SeO3
Sepiolite -0.80 16.02 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -2.76 16.02 18.78 Mg2Si3O7.5OH:3H2O
Siderite -4.33 -14.42 -10.09 FeCO3
SiO2(am-gel) -1.22 -4.06 -2.84 SiO2
SiO2(am-ppt) -1.18 -4.06 -2.88 SiO2
Spinel -7.69 32.76 40.45 MgAl2O4
SrF2 -6.17 -14.79 -8.62 SrF2
SrHPO4 -4.80 -24.09 -19.30 SrHPO4
SrSeO3 -5.12 -2.82 2.30 SrSeO3
SrSeO4 -10.80 -15.20 -4.40 SrSeO4
Strengite -2.88 -29.19 -26.31 FePO4:2H2O
Strontianite -0.58 -9.85 -9.27 SrCO3
Thenardite -5.41 -5.01 0.41 Na2SO4
Thermonatrite -8.52 -7.79 0.73 Na2CO3:H2O
Vivianite -13.04 -49.04 -36.00 Fe3(PO4)2:8H2O
Witherite -3.55 -12.16 -8.61 BaCO3

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 2014 Start of Season
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Barite 0.00 -10.19 -10.19 0.000e+000 1.248e-007 1.248e-007
Ca3(PO4)2(beta) -0.06 -29.48 -29.42 0.000e+000 0 0.000e+000
Calcite 0.00 -8.41 -8.41 0.000e+000 1.358e-004 1.358e-004
Celestite -0.42 -7.06 -6.64 0.000e+000 0 0.000e+000
Ferrihydrite -0.00 3.87 3.87 0.000e+000 1.888e-005 1.888e-005
Fluorite -1.64 -12.21 -10.57 0.000e+000 0 0.000e+000
Gypsum 0.15 -4.47 -4.62 1.000e+001 9.998e+000 -2.414e-003
Quartz 0.00 -4.21 -4.21 0.000e+000 3.266e-005 3.266e-005
SiO2(am-gel) -1.37 -4.21 -2.84 0.000e+000 0 0.000e+000
SiO2(am-ppt) -1.33 -4.21 -2.88 0.000e+000 0 0.000e+000
SrF2 -6.19 -14.81 -8.62 0.000e+000 0 0.000e+000
Strontianite -1.73 -11.00 -9.27 0.000e+000 0 0.000e+000

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 1.117e-006 1.117e-006
As 2.816e-006 2.816e-006
Ba 2.149e-008 2.149e-008
C 5.647e-004 5.647e-004
Ca 1.815e-002 1.815e-002
Cl 1.080e-002 1.080e-002
F 1.586e-005 1.587e-005
Fe 5.515e-009 5.516e-009
K 5.036e-004 5.037e-004
Mg 7.440e-004 7.441e-004
Mn 1.463e-006 1.463e-006
Mo 1.990e-006 1.990e-006
Na 4.820e-002 4.821e-002
P 1.622e-006 1.622e-006
S 2.856e-002 2.856e-002
Se 2.036e-006 2.036e-006
Si 6.097e-005 6.098e-005
Sr 4.357e-005 4.357e-005

----------------------------Description of solution----------------------------

pH = 7.911 Charge balance
pe = 3.463 Adjusted to redox

equilibrium
Activity of water = 0.998

Ionic strength = 9.337e-002
Mass of water (kg) = 1.000e+000

Total alkalinity (eq/kg) = 5.657e-004
Total CO2 (mol/kg) = 5.647e-004
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Temperature (deg C) = 10.000
Electrical balance (eq) = 1.807e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 14.65
Iterations = 8

Total H = 1.110243e+002
Total O = 5.562796e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 2.556e-007 1.972e-007 -6.592 -6.705 -0.113
H+ 1.959e-008 1.547e-008 -7.708 -7.811 -0.103
H2O 5.551e+001 9.983e-001 1.744 -0.001 0.000

Al 1.117e-006
Al(OH)4- 7.829e-007 6.148e-007 -6.106 -6.211 -0.105
Al(OH)3 3.046e-007 3.046e-007 -6.516 -6.516 0.000
Al(OH)2+ 2.950e-008 2.349e-008 -7.530 -7.629 -0.099
AlOH+2 4.072e-011 1.639e-011 -10.390 -10.786 -0.395
AlF2+ 4.045e-011 3.222e-011 -10.393 -10.492 -0.099
AlF+2 1.853e-011 7.457e-012 -10.732 -11.127 -0.395
AlF3 4.723e-012 4.723e-012 -11.326 -11.326 0.000
AlSO4+ 2.920e-012 2.293e-012 -11.535 -11.640 -0.105
Al+3 5.861e-013 7.005e-014 -12.232 -13.155 -0.923
Al(SO4)2- 3.387e-013 2.660e-013 -12.470 -12.575 -0.105
AlF4- 3.541e-014 2.781e-014 -13.451 -13.556 -0.105
AlMo6O21-3 0.000e+000 0.000e+000 -40.323 -41.691 -1.368

As(3) 7.722e-016
H3AsO3 7.525e-016 7.525e-016 -15.124 -15.124 0.000
H2AsO3- 1.971e-017 1.389e-017 -16.705 -16.857 -0.152
HAsO3-2 1.676e-021 4.132e-022 -20.776 -21.384 -0.608
H4AsO3+ 8.185e-024 5.767e-024 -23.087 -23.239 -0.152
AsO3-3 1.399e-026 5.994e-028 -25.854 -27.222 -1.368

As(5) 2.816e-006
HAsO4-2 2.673e-006 6.590e-007 -5.573 -6.181 -0.608
H2AsO4- 1.407e-007 9.914e-008 -6.852 -7.004 -0.152
AsO4-3 2.187e-009 9.368e-011 -8.660 -10.028 -1.368
H3AsO4 2.241e-013 2.290e-013 -12.649 -12.640 0.009

Ba 2.149e-008
Ba+2 2.146e-008 8.349e-009 -7.668 -8.078 -0.410
BaHCO3+ 2.321e-011 1.865e-011 -10.634 -10.729 -0.095
BaCO3 2.692e-012 2.692e-012 -11.570 -11.570 0.000
BaOH+ 8.157e-015 6.457e-015 -14.088 -14.190 -0.101

C(4) 5.647e-004
HCO3- 5.010e-004 3.990e-004 -3.300 -3.399 -0.099
CaHCO3+ 2.678e-005 2.151e-005 -4.572 -4.667 -0.095
H2CO3 1.688e-005 1.688e-005 -4.773 -4.773 0.000
NaHCO3 1.101e-005 1.101e-005 -4.958 -4.958 0.000
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CO3-2 2.275e-006 8.851e-007 -5.643 -6.053 -0.410
NaCO3- 1.170e-006 9.317e-007 -5.932 -6.031 -0.099
MgHCO3+ 9.400e-007 7.319e-007 -6.027 -6.136 -0.109
MgCO3 1.112e-007 1.112e-007 -6.954 -6.954 0.000
SrHCO3+ 5.322e-008 4.275e-008 -7.274 -7.369 -0.095
SrCO3 4.201e-009 4.201e-009 -8.377 -8.377 0.000
MnHCO3+ 2.591e-009 2.051e-009 -8.587 -8.688 -0.101
BaHCO3+ 2.321e-011 1.865e-011 -10.634 -10.729 -0.095
BaCO3 2.692e-012 2.692e-012 -11.570 -11.570 0.000
FeHCO3+ 1.170e-012 9.398e-013 -11.932 -12.027 -0.095

Ca 1.815e-002
Ca+2 1.141e-002 4.439e-003 -1.943 -2.353 -0.410
CaSO4 6.703e-003 6.703e-003 -2.174 -2.174 0.000
CaHCO3+ 2.678e-005 2.151e-005 -4.572 -4.667 -0.095
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CaF+ 5.329e-007 4.219e-007 -6.273 -6.375 -0.101
CaHPO4 4.893e-007 4.893e-007 -6.310 -6.310 0.000
CaPO4- 7.510e-008 5.982e-008 -7.124 -7.223 -0.099
CaOH+ 1.821e-008 1.462e-008 -7.740 -7.835 -0.095
CaH2PO4+ 7.829e-009 6.235e-009 -8.106 -8.205 -0.099

Cl 1.080e-002
Cl- 1.080e-002 8.527e-003 -1.967 -2.069 -0.103
MnCl+ 3.805e-009 3.013e-009 -8.420 -8.521 -0.101
MnCl2 3.628e-011 3.628e-011 -10.440 -10.440 0.000
MnCl3- 1.076e-013 8.521e-014 -12.968 -13.070 -0.101
FeCl+2 1.111e-020 4.365e-021 -19.954 -20.360 -0.406
FeCl2+ 3.433e-022 2.718e-022 -21.464 -21.566 -0.101
FeCl3 2.317e-025 2.317e-025 -24.635 -24.635 0.000

F 1.586e-005
F- 1.487e-005 1.175e-005 -4.828 -4.930 -0.103
CaF+ 5.329e-007 4.219e-007 -6.273 -6.375 -0.101
MgF+ 2.482e-007 1.949e-007 -6.605 -6.710 -0.105
NaF 2.098e-007 2.098e-007 -6.678 -6.678 0.000
SrF+ 4.713e-010 3.321e-010 -9.327 -9.479 -0.152
HF 2.023e-010 2.023e-010 -9.694 -9.694 0.000
MnF+ 1.310e-010 1.037e-010 -9.883 -9.984 -0.101
AlF2+ 4.045e-011 3.222e-011 -10.393 -10.492 -0.099
AlF+2 1.853e-011 7.457e-012 -10.732 -11.127 -0.395
AlF3 4.723e-012 4.723e-012 -11.326 -11.326 0.000
AlF4- 3.541e-014 2.781e-014 -13.451 -13.556 -0.105
HF2- 1.073e-014 8.275e-015 -13.970 -14.082 -0.113
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FeF+2 7.339e-019 2.882e-019 -18.134 -18.540 -0.406
H2F2 1.935e-019 1.935e-019 -18.713 -18.713 0.000
FeF2+ 9.853e-020 7.800e-020 -19.006 -19.108 -0.101
FeF3 1.000e-021 1.000e-021 -21.000 -21.000 0.000
SiF6-2 1.542e-034 6.057e-035 -33.812 -34.218 -0.406

Fe(2) 1.446e-009
Fe+2 1.037e-009 2.556e-010 -8.984 -9.592 -0.608
FeSO4 4.057e-010 4.057e-010 -9.392 -9.392 0.000
FeOH+ 2.534e-012 2.006e-012 -11.596 -11.698 -0.101
FeHCO3+ 1.170e-012 9.398e-013 -11.932 -12.027 -0.095
FeHPO4 2.301e-013 2.301e-013 -12.638 -12.638 0.000
FeH2PO4+ 8.878e-015 7.071e-015 -14.052 -14.151 -0.099
Fe(OH)2 2.648e-016 2.648e-016 -15.577 -15.577 0.000
Fe(OH)3- 5.943e-017 4.705e-017 -16.226 -16.327 -0.101
Fe(HS)2 0.000e+000 0.000e+000 -132.434 -132.434 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -196.140 -196.292 -0.152

Fe(3) 4.069e-009
Fe(OH)2+ 3.690e-009 2.939e-009 -8.433 -8.532 -0.099
Fe(OH)3 2.232e-010 2.232e-010 -9.651 -9.651 0.000
Fe(OH)4- 1.558e-010 1.241e-010 -9.807 -9.906 -0.099
FeOH+2 1.211e-014 4.758e-015 -13.917 -14.323 -0.406
FeHPO4+ 1.248e-016 9.943e-017 -15.904 -16.002 -0.099
FeSO4+ 1.766e-018 1.398e-018 -17.753 -17.854 -0.101
FeF+2 7.339e-019 2.882e-019 -18.134 -18.540 -0.406
Fe(SO4)2- 3.684e-019 2.596e-019 -18.434 -18.586 -0.152
Fe+3 2.319e-019 2.771e-020 -18.635 -19.557 -0.923
FeF2+ 9.853e-020 7.800e-020 -19.006 -19.108 -0.101
FeCl+2 1.111e-020 4.365e-021 -19.954 -20.360 -0.406
FeF3 1.000e-021 1.000e-021 -21.000 -21.000 0.000
FeCl2+ 3.433e-022 2.718e-022 -21.464 -21.566 -0.101
FeHSeO3+2 1.504e-022 3.707e-023 -21.823 -22.431 -0.608
FeH2PO4+2 7.219e-023 2.904e-023 -22.142 -22.537 -0.395
Fe2(OH)2+4 3.536e-025 1.306e-027 -24.452 -26.884 -2.432
FeCl3 2.317e-025 2.317e-025 -24.635 -24.635 0.000
Fe3(OH)4+5 2.980e-031 4.716e-035 -30.526 -34.326 -3.801

H(0) 4.595e-026
H2 2.297e-026 2.347e-026 -25.639 -25.629 0.009

K 5.036e-004
K+ 4.799e-004 3.790e-004 -3.319 -3.421 -0.103
KSO4- 2.368e-005 1.886e-005 -4.626 -4.724 -0.099
KHPO4- 8.165e-010 6.503e-010 -9.088 -9.187 -0.099

Mg 7.440e-004
Mg+2 5.019e-004 1.952e-004 -3.299 -3.709 -0.410
MgSO4 2.408e-004 2.408e-004 -3.618 -3.618 0.000
MgHCO3+ 9.400e-007 7.319e-007 -6.027 -6.136 -0.109
MgF+ 2.482e-007 1.949e-007 -6.605 -6.710 -0.105
MgCO3 1.112e-007 1.112e-007 -6.954 -6.954 0.000
MgHPO4 2.971e-008 2.971e-008 -7.527 -7.527 0.000
MgOH+ 1.467e-008 1.186e-008 -7.834 -7.926 -0.092
MgH2PO4+ 7.210e-010 5.742e-010 -9.142 -9.241 -0.099
MgPO4- 5.164e-011 4.113e-011 -10.287 -10.386 -0.099

Mn(2) 1.463e-006
Mn+2 1.138e-006 2.806e-007 -5.944 -6.552 -0.608
MnSO4 3.179e-007 3.179e-007 -6.498 -6.498 0.000
MnCl+ 3.805e-009 3.013e-009 -8.420 -8.521 -0.101
MnHCO3+ 2.591e-009 2.051e-009 -8.587 -8.688 -0.101
MnOH+ 1.756e-010 1.390e-010 -9.756 -9.857 -0.101
MnF+ 1.310e-010 1.037e-010 -9.883 -9.984 -0.101
MnCl2 3.628e-011 3.628e-011 -10.440 -10.440 0.000
MnCl3- 1.076e-013 8.521e-014 -12.968 -13.070 -0.101
Mn(OH)3- 1.510e-018 1.195e-018 -17.821 -17.923 -0.101
MnSeO4 7.360e-019 7.360e-019 -18.133 -18.133 0.000
Mn(OH)4-2 6.385e-024 2.508e-024 -23.195 -23.601 -0.406
MnSe 1.069e-033 1.069e-033 -32.971 -32.971 0.000

Mn(3) 3.045e-029
Mn+3 3.045e-029 3.640e-030 -28.516 -29.439 -0.923

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -54.833 -55.238 -0.406

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -62.066 -62.183 -0.117

Mo 1.990e-006
MoO4-2 1.989e-006 7.739e-007 -5.701 -6.111 -0.410
HMoO4- 2.205e-010 1.554e-010 -9.657 -9.809 -0.152
H2MoO4 4.705e-014 4.705e-014 -13.327 -13.327 0.000
AlMo6O21-3 0.000e+000 0.000e+000 -40.323 -41.691 -1.368
Mo7O24-6 0.000e+000 0.000e+000 -44.681 -50.154 -5.473
HMo7O24-5 0.000e+000 0.000e+000 -47.870 -51.671 -3.801
H2Mo7O24-4 0.000e+000 0.000e+000 -52.295 -54.727 -2.432
H3Mo7O24-3 0.000e+000 0.000e+000 -57.905 -59.273 -1.368

Na 4.820e-002
Na+ 4.634e-002 3.659e-002 -1.334 -1.437 -0.103
NaSO4- 1.853e-003 1.476e-003 -2.732 -2.831 -0.099
NaHCO3 1.101e-005 1.101e-005 -4.958 -4.958 0.000
NaCO3- 1.170e-006 9.317e-007 -5.932 -6.031 -0.099
NaF 2.098e-007 2.098e-007 -6.678 -6.678 0.000
NaHPO4- 1.221e-007 9.724e-008 -6.913 -7.012 -0.099

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -45.374 -45.365 0.009

P 1.622e-006
HPO4-2 7.935e-007 3.116e-007 -6.100 -6.506 -0.406
CaHPO4 4.893e-007 4.893e-007 -6.310 -6.310 0.000
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NaHPO4- 1.221e-007 9.724e-008 -6.913 -7.012 -0.099
H2PO4- 1.018e-007 8.109e-008 -6.992 -7.091 -0.099
CaPO4- 7.510e-008 5.982e-008 -7.124 -7.223 -0.099
MgHPO4 2.971e-008 2.971e-008 -7.527 -7.527 0.000
CaH2PO4+ 7.829e-009 6.235e-009 -8.106 -8.205 -0.099
KHPO4- 8.165e-010 6.503e-010 -9.088 -9.187 -0.099
SrHPO4 8.020e-010 8.020e-010 -9.096 -9.096 0.000
MgH2PO4+ 7.210e-010 5.742e-010 -9.142 -9.241 -0.099
MgPO4- 5.164e-011 4.113e-011 -10.287 -10.386 -0.099
PO4-3 5.159e-011 6.165e-012 -10.287 -11.210 -0.923
SrH2PO4+ 5.954e-012 4.195e-012 -11.225 -11.377 -0.152
FeHPO4 2.301e-013 2.301e-013 -12.638 -12.638 0.000
H3PO4 1.490e-013 1.490e-013 -12.827 -12.827 0.000
FeH2PO4+ 8.878e-015 7.071e-015 -14.052 -14.151 -0.099
FeHPO4+ 1.248e-016 9.943e-017 -15.904 -16.002 -0.099
FeH2PO4+2 7.219e-023 2.904e-023 -22.142 -22.537 -0.395

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -65.743 -65.896 -0.152
H2S 0.000e+000 0.000e+000 -66.482 -66.482 0.000
S5-2 0.000e+000 0.000e+000 -67.191 -67.799 -0.608
S6-2 0.000e+000 0.000e+000 -67.358 -67.966 -0.608
S4-2 0.000e+000 0.000e+000 -67.802 -68.411 -0.608
S3-2 0.000e+000 0.000e+000 -68.635 -69.243 -0.608
S2-2 0.000e+000 0.000e+000 -69.690 -70.298 -0.608
S-2 0.000e+000 0.000e+000 -75.438 -75.843 -0.406
Fe(HS)2 0.000e+000 0.000e+000 -132.434 -132.434 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -196.140 -196.292 -0.152

S(6) 2.856e-002
SO4-2 1.972e-002 7.672e-003 -1.705 -2.115 -0.410
CaSO4 6.703e-003 6.703e-003 -2.174 -2.174 0.000
NaSO4- 1.853e-003 1.476e-003 -2.732 -2.831 -0.099
MgSO4 2.408e-004 2.408e-004 -3.618 -3.618 0.000
KSO4- 2.368e-005 1.886e-005 -4.626 -4.724 -0.099
SrSO4 1.454e-005 1.454e-005 -4.837 -4.837 0.000
MnSO4 3.179e-007 3.179e-007 -6.498 -6.498 0.000
HSO4- 9.230e-009 7.249e-009 -8.035 -8.140 -0.105
FeSO4 4.057e-010 4.057e-010 -9.392 -9.392 0.000
AlSO4+ 2.920e-012 2.293e-012 -11.535 -11.640 -0.105
Al(SO4)2- 3.387e-013 2.660e-013 -12.470 -12.575 -0.105
FeSO4+ 1.766e-018 1.398e-018 -17.753 -17.854 -0.101
Fe(SO4)2- 3.684e-019 2.596e-019 -18.434 -18.586 -0.152

Se(-2) 2.030e-029
HSe- 2.029e-029 1.430e-029 -28.693 -28.845 -0.152
H2Se 1.600e-033 1.600e-033 -32.796 -32.796 0.000
MnSe 1.069e-033 1.069e-033 -32.971 -32.971 0.000
Se-2 1.341e-036 3.306e-037 -35.873 -36.481 -0.608

Se(4) 2.036e-006
HSeO3- 1.226e-006 8.638e-007 -5.912 -6.064 -0.152
SeO3-2 8.099e-007 1.997e-007 -6.092 -6.700 -0.608
H2SeO3 4.993e-012 4.993e-012 -11.302 -11.302 0.000
FeHSeO3+2 1.504e-022 3.707e-023 -21.823 -22.431 -0.608

Se(6) 3.379e-014
SeO4-2 3.378e-014 1.314e-014 -13.471 -13.881 -0.410
MnSeO4 7.360e-019 7.360e-019 -18.133 -18.133 0.000
HSeO4- 8.846e-021 6.233e-021 -20.053 -20.205 -0.152

Si 6.097e-005
H4SiO4 6.049e-005 6.181e-005 -4.218 -4.209 0.009
H3SiO4- 4.838e-007 3.766e-007 -6.315 -6.424 -0.109
H2SiO4-2 1.590e-012 6.396e-013 -11.799 -12.194 -0.395
SiF6-2 1.542e-034 6.057e-035 -33.812 -34.218 -0.406

Sr 4.357e-005
Sr+2 2.897e-005 1.127e-005 -4.538 -4.948 -0.410
SrSO4 1.454e-005 1.454e-005 -4.837 -4.837 0.000
SrHCO3+ 5.322e-008 4.275e-008 -7.274 -7.369 -0.095
SrCO3 4.201e-009 4.201e-009 -8.377 -8.377 0.000
SrHPO4 8.020e-010 8.020e-010 -9.096 -9.096 0.000
SrF+ 4.713e-010 3.321e-010 -9.327 -9.479 -0.152
SrOH+ 1.667e-011 1.319e-011 -10.778 -10.880 -0.101
SrH2PO4+ 5.954e-012 4.195e-012 -11.225 -11.377 -0.152

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -1.56 10.27 11.83 Al(OH)3
Al2(MoO4)3 -49.43 -44.64 4.79 Al2(MoO4)3
Al2O3 -1.50 20.55 22.05 Al2O3
Al4(OH)10SO4 0.66 23.36 22.70 Al4(OH)10SO4
AlAsO4:2H2O -7.16 -2.36 4.80 AlAsO4:2H2O
AlOHSO4 -4.23 -7.46 -3.23 AlOHSO4
Alunite -0.81 -0.26 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.17 -4.47 -4.29 CaSO4
Aragonite -0.22 -8.41 -8.19 CaCO3
Arsenolite -57.17 -60.49 -3.32 As4O6
Artinite -8.57 2.15 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -32.19 -25.28 6.92 As2O5
Ba(OH)2:8H2O -17.36 7.54 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 6.36 -2.65 -9.01 Ba3(AsO4)2
BaF2 -12.08 -17.94 -5.86 BaF2
BaHPO4 -7.32 -27.10 -19.77 BaHPO4
BaMoO4 -7.13 -14.19 -7.06 BaMoO4
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Barite 0.00 -10.19 -10.19 BaSO4
BaS -82.34 -66.16 16.18 BaS
BaSeO3 -8.05 -6.33 1.72 BaSeO3
BaSeO4 -14.30 -21.96 -7.66 BaSeO4
Birnessite -12.83 5.26 18.09 MnO2
Bixbyite -12.53 -12.02 0.51 Mn2O3
Boehmite 0.61 10.28 9.67 AlOOH
Brucite -5.99 11.91 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -7.78 14.52 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) -0.06 -29.48 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -3.77 -50.85 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.81 -21.37 -19.56 CaHPO4
CaHPO4:2H2O -2.17 -21.37 -19.21 CaHPO4:2H2O
Calcite 0.00 -8.41 -8.41 CaCO3
CaMoO4 -0.53 -8.46 -7.93 CaMoO4
CaSeO3:2H2O -3.60 -0.61 2.99 CaSeO3:2H2O
CaSeO4:2H2O -13.29 -16.24 -2.94 CaSeO4:2H2O
Celestite -0.42 -7.06 -6.64 SrSO4
CH4(g) -68.43 -111.86 -43.43 CH4
Chalcedony -0.47 -4.21 -3.73 SiO2
Chrysotile -6.70 27.32 34.02 Mg3Si2O5(OH)4
Claudetite -56.91 -60.49 -3.58 As4O6
CO2(g) -3.49 -21.67 -18.18 CO2
Cristobalite -0.67 -4.21 -3.54 SiO2
Cryolite -12.85 -47.05 -34.19 Na3AlF6
Diaspore 2.45 10.28 7.83 AlOOH
Dolomite(disordered) -2.06 -18.17 -16.11 CaMg(CO3)2
Dolomite(ordered) -1.44 -18.17 -16.72 CaMg(CO3)2
Epsomite -3.60 -5.83 -2.23 MgSO4:7H2O
FCO3Apatite 19.66 -96.27 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -7.54 6.03 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 3.95 0.91 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -7.68 -6.13 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -13.25 -33.88 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -43.97 -45.46 -1.49 Fe2(SO4)3
Fe3(OH)8 -6.45 13.77 20.22 Fe3(OH)8
FeAsO4:2H2O -9.17 -8.77 0.40 FeAsO4:2H2O
FeMoO4 -5.72 -15.70 -9.99 FeMoO4
Ferrihydrite -0.00 3.87 3.87 Fe(OH)3
Ferroselite -25.70 -44.73 -19.03 FeSe2
FeS(ppt) -64.83 -67.68 -2.85 FeS
FeSe -19.61 -30.63 -11.02 FeSe
Fluorite -1.64 -12.21 -10.57 CaF2
Gibbsite 1.10 10.27 9.18 Al(OH)3
Goethite 2.82 3.87 1.05 FeOOH
Greenalite -11.14 9.67 20.81 Fe3Si2O5(OH)4
Greigite -236.01 -281.05 -45.03 Fe3S4
Gypsum 0.15 -4.47 -4.62 CaSO4:2H2O
H-Jarosite -13.90 -23.85 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -8.40 -21.73 -13.33 H2MoO4
H2S(g) -65.70 -73.71 -8.01 H2S
H2Se(g) -31.84 -36.66 -4.82 H2Se
Halite -5.07 -3.51 1.57 NaCl
Halloysite 0.88 12.14 11.26 Al2Si2O5(OH)4
Hausmannite -15.18 49.75 64.94 Mn3O4
Hematite 7.97 7.75 -0.22 Fe2O3
Hercynite 0.77 26.58 25.81 FeAl2O4
Huntite -8.73 -37.69 -28.97 CaMg3(CO3)4
Hydromagnesite -20.40 -27.14 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 6.75 -37.58 -44.33 Ca5(PO4)3OH
K-Alum -15.36 -20.81 -5.45 KAl(SO4)2:12H2O
K-Jarosite -5.88 -19.46 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -16.25 -12.95 3.29 K2MoO4
K2SeO4 -19.99 -20.72 -0.73 K2SeO4
Kaolinite 3.33 12.14 8.81 Al2Si2O5(OH)4
Lepidocrocite 2.50 3.87 1.37 FeOOH
Lime -21.23 13.27 34.50 CaO
Mackinawite -64.08 -67.68 -3.60 FeS
Maghemite 1.36 7.75 6.39 Fe2O3
Magnesioferrite 0.21 19.66 19.45 Fe2MgO4
Magnesite -2.12 -9.76 -7.65 MgCO3
Magnetite 8.44 13.77 5.34 Fe3O4
Manganite -5.00 20.34 25.34 MnOOH
Melanterite -9.31 -11.71 -2.40 FeSO4:7H2O
Mg(OH)2(active) -6.88 11.91 18.79 Mg(OH)2
Mg3(PO4)2 -10.27 -33.55 -23.28 Mg3(PO4)2
MgF2 -5.51 -13.57 -8.06 MgF2
MgHPO4:3H2O -4.56 -22.73 -18.18 MgHPO4:3H2O
MgMoO4 -7.97 -9.82 -1.85 MgMoO4
MgSeO3:6H2O -4.97 -1.97 3.01 MgSeO3:6H2O
MgSeO4:6H2O -16.40 -17.60 -1.20 MgSeO4:6H2O
Mirabilite -3.14 -5.00 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -61.03 -65.22 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -10.58 1.92 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -18.17 -42.08 -23.91 Mn3(PO4)2
MnCl2:4H2O -13.51 -10.69 2.82 MnCl2:4H2O
MnHPO4 -0.17 -25.57 -25.40 MnHPO4
MnS(grn) -65.10 -64.64 0.47 MnS
MnS(pnk) -67.98 -64.64 3.34 MnS
MnSe -32.00 -27.59 4.41 MnSe
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MnSeO3 -5.93 -4.80 1.13 MnSeO3
MnSeO3:2H2O -5.71 -4.81 0.90 MnSeO3:2H2O
MnSeO4:5H2O -18.39 -20.44 -2.05 MnSeO4:5H2O
MnSO4 -11.85 -8.67 3.18 MnSO4
MoO3 -13.73 -21.73 -8.00 MoO3
MoS2 -117.82 -191.69 -73.87 MoS2
Na-Jarosite -7.69 -17.48 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -13.60 -30.72 -17.12 Na2Mo2O7
Na2MoO4 -10.57 -8.98 1.58 Na2MoO4
Na2MoO4:2H2O -10.21 -8.99 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -11.43 -1.13 10.30 Na2SeO3:5H2O
Na2SeO4 -18.03 -16.75 1.28 Na2SeO4
Natron -7.01 -8.93 -1.92 Na2CO3:10H2O
Nesquehonite -5.32 -9.76 -4.45 MgCO3:3H2O
Nsutite -12.24 5.26 17.50 MnO2
O2(g) -43.30 45.09 88.39 O2
Orpiment -187.04 -251.36 -64.32 As2S3
Periclase -11.08 11.91 22.99 MgO
Portlandite -10.73 13.27 24.00 Ca(OH)2
Pyrite -99.86 -118.84 -18.97 FeS2
Pyrochroite -7.03 9.07 16.09 Mn(OH)2
Pyrolusite -12.29 31.62 43.90 MnO2
Quartz 0.00 -4.21 -4.21 SiO2
Realgar -79.17 -100.10 -20.93 AsS
Rhodochrosite -2.04 -12.60 -10.56 MnCO3
Semetal(am) -6.90 -14.11 -7.21 Se
Semetal(hex -6.25 -14.11 -7.86 Se
SeO2 -13.98 -13.87 0.11 SeO2
SeO3 -51.90 -29.50 22.40 SeO3
Sepiolite -5.62 11.20 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -7.58 11.20 18.78 Mg2Si3O7.5OH:3H2O
Siderite -5.55 -15.65 -10.09 FeCO3
SiO2(am-gel) -1.37 -4.21 -2.84 SiO2
SiO2(am-ppt) -1.33 -4.21 -2.88 SiO2
Spinel -7.99 32.46 40.45 MgAl2O4
SrF2 -6.19 -14.81 -8.62 SrF2
SrHPO4 -4.67 -23.97 -19.30 SrHPO4
SrSeO3 -5.50 -3.20 2.30 SrSeO3
SrSeO4 -14.43 -18.83 -4.40 SrSeO4
Strengite -4.46 -30.77 -26.31 FePO4:2H2O
Strontianite -1.73 -11.00 -9.27 SrCO3
Sulfur -49.16 -51.16 -1.99 S
Thenardite -5.39 -4.99 0.41 Na2SO4
Thermonatrite -9.66 -8.93 0.73 Na2CO3:H2O
Vivianite -15.20 -51.20 -36.00 Fe3(PO4)2:8H2O
Witherite -5.52 -14.13 -8.61 BaCO3

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------
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Appendix C – 6. Beal Mountain RO Water Treatment Facility PHREEQC Modeling Data – End
of 2014, Modeling 15 MG Treated Water Discharged

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

Solution 1 - Beal Mtn 2014 End of Season, Assume Discharge 15 MG
pH 8.9
temp 10
Units mg/L
Alkalinity 161
As 0.617
Cl 1141
F 0.80
P 0.138
Se 0.478
Si 10.94
S(6) 7054
Al 0.09
Ba 0.00602
Ca 1610
Fe 0.00080
Mg 54
Mn 0.24
Mo 0.569
K 57.7
Na 3300
Sr 11.39
EQUILIBRIUM_PHASES 1
Barite 0 0
Gypsum 0.25 10 #Assume 178% saturation towards end of

season
Calcite 0 0
Celestite 0 0
Ca3(PO4)2(beta) 0 0
Ferrihydrite 0 0
Fluorite 0 0
Gibbsite 0 0
Quartz 0 0
SiO2(am-gel) 0 0
SiO2(am-ppt) 0 0
SrF2 0 0
Strontianite 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 2014 End of Season, Assume Discharge 15 MG

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 3.381e-006 3.381e-006
Alkalinity 2.674e-003 2.674e-003
As 8.347e-006 8.347e-006
Ba 4.443e-008 4.443e-008
Ca 4.072e-002 4.072e-002
Cl 3.262e-002 3.262e-002
F 4.268e-005 4.268e-005
Fe 1.452e-008 1.452e-008
K 1.496e-003 1.496e-003
Mg 2.252e-003 2.252e-003
Mn 4.428e-006 4.428e-006
Mo 6.011e-006 6.011e-006
Na 1.455e-001 1.455e-001
P 4.516e-006 4.516e-006
S(6) 7.443e-002 7.443e-002
Se 6.136e-006 6.136e-006
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Si 1.846e-004 1.846e-004
Sr 1.318e-004 1.318e-004

----------------------------Description of solution----------------------------

pH = 8.900
pe = 4.000

Activity of water = 0.995
Ionic strength = 2.267e-001

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 2.166e-003

Total CO2 (mol/kg) = 2.166e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 4.899e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 15.44

Iterations = 11
Total H = 1.110161e+002
Total O = 5.581189e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.440e-006 2.416e-006 -5.463 -5.617 -0.153
H+ 1.685e-009 1.259e-009 -8.773 -8.900 -0.127
H2O 5.551e+001 9.954e-001 1.744 -0.002 0.000

Al 3.381e-006
Al(OH)4- 3.284e-006 2.382e-006 -5.484 -5.623 -0.139
Al(OH)3 9.631e-008 9.631e-008 -7.016 -7.016 0.000
Al(OH)2+ 8.157e-010 6.063e-010 -9.088 -9.217 -0.129
AlOH+2 1.131e-013 3.451e-014 -12.947 -13.462 -0.515
AlF2+ 4.311e-014 3.205e-014 -13.365 -13.494 -0.129
AlF3 1.130e-014 1.130e-014 -13.947 -13.947 0.000
AlF+2 1.010e-014 3.083e-015 -13.996 -14.511 -0.515
AlSO4+ 9.876e-016 7.163e-016 -15.005 -15.145 -0.139
AlF4- 2.206e-016 1.600e-016 -15.656 -15.796 -0.139
Al(SO4)2- 2.081e-016 1.510e-016 -15.682 -15.821 -0.139
Al+3 1.661e-016 1.204e-017 -15.780 -16.919 -1.140
AlMo6O21-3 0.000e+000 0.000e+000 -47.555 -49.686 -2.132

As(3) 5.405e-021
H3AsO3 3.883e-021 3.883e-021 -20.411 -20.411 0.000
H2AsO3- 1.519e-021 8.806e-022 -20.818 -21.055 -0.237
HAsO3-2 2.853e-024 3.220e-025 -23.545 -24.492 -0.948
AsO3-3 7.776e-028 5.739e-030 -27.109 -29.241 -2.132
H4AsO3+ 4.179e-030 2.422e-030 -29.379 -29.616 -0.237

As(5) 8.347e-006
HAsO4-2 8.111e-006 9.153e-007 -5.091 -6.038 -0.948
AsO4-3 2.166e-007 1.599e-009 -6.664 -8.796 -2.132
H2AsO4- 1.933e-008 1.121e-008 -7.714 -7.951 -0.237
H3AsO4 1.999e-015 2.106e-015 -14.699 -14.676 0.023

Ba 4.443e-008
Ba+2 4.417e-008 1.376e-008 -7.355 -7.861 -0.507
BaCO3 1.518e-010 1.518e-010 -9.819 -9.819 0.000
BaHCO3+ 1.135e-010 8.556e-011 -9.945 -10.068 -0.123
BaOH+ 1.772e-013 1.304e-013 -12.751 -12.885 -0.133

C(4) 2.166e-003
HCO3- 1.495e-003 1.111e-003 -2.825 -2.954 -0.129
CaCO3 2.311e-004 2.311e-004 -3.636 -3.636 0.000
CaHCO3+ 1.213e-004 9.147e-005 -3.916 -4.039 -0.123
NaCO3- 1.185e-004 8.808e-005 -3.926 -4.055 -0.129
CO3-2 9.724e-005 3.029e-005 -4.012 -4.519 -0.507
NaHCO3 8.471e-005 8.471e-005 -4.072 -4.072 0.000
MgCO3 7.996e-006 7.996e-006 -5.097 -5.097 0.000
MgHCO3+ 5.995e-006 4.282e-006 -5.222 -5.368 -0.146
H2CO3 3.826e-006 3.826e-006 -5.417 -5.417 0.000
SrHCO3+ 3.307e-007 2.493e-007 -6.481 -6.603 -0.123
SrCO3 3.011e-007 3.011e-007 -6.521 -6.521 0.000
MnHCO3+ 1.114e-008 8.193e-009 -7.953 -8.087 -0.133
BaCO3 1.518e-010 1.518e-010 -9.819 -9.819 0.000
BaHCO3+ 1.135e-010 8.556e-011 -9.945 -10.068 -0.123
FeHCO3+ 3.072e-015 2.316e-015 -14.513 -14.635 -0.123

Ca 4.072e-002
Ca+2 2.176e-002 6.778e-003 -1.662 -2.169 -0.507
CaSO4 1.860e-002 1.860e-002 -1.730 -1.730 0.000
CaCO3 2.311e-004 2.311e-004 -3.636 -3.636 0.000
CaHCO3+ 1.213e-004 9.147e-005 -3.916 -4.039 -0.123
CaF+ 2.107e-006 1.550e-006 -5.676 -5.810 -0.133
CaPO4- 1.813e-006 1.347e-006 -5.742 -5.871 -0.129
CaHPO4 8.968e-007 8.968e-007 -6.047 -6.047 0.000
CaOH+ 3.629e-007 2.736e-007 -6.440 -6.563 -0.123
CaH2PO4+ 1.251e-009 9.301e-010 -8.903 -9.031 -0.129

Cl 3.262e-002
Cl- 3.262e-002 2.437e-002 -1.487 -1.613 -0.127
MnCl+ 1.679e-008 1.235e-008 -7.775 -7.908 -0.133
MnCl2 4.251e-010 4.251e-010 -9.371 -9.371 0.000
MnCl3- 3.879e-012 2.853e-012 -11.411 -11.545 -0.133
FeCl+2 1.298e-022 3.799e-023 -21.887 -22.420 -0.533
FeCl2+ 9.190e-024 6.760e-024 -23.037 -23.170 -0.133
FeCl3 1.647e-026 1.647e-026 -25.783 -25.783 0.000

F 4.268e-005
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F- 3.782e-005 2.825e-005 -4.422 -4.549 -0.127
CaF+ 2.107e-006 1.550e-006 -5.676 -5.810 -0.133
NaF 1.394e-006 1.394e-006 -5.856 -5.856 0.000
MgF+ 1.358e-006 9.849e-007 -5.867 -6.007 -0.139
SrF+ 2.887e-009 1.673e-009 -8.540 -8.776 -0.237
MnF+ 4.866e-010 3.579e-010 -9.313 -9.446 -0.133
HF 3.959e-011 3.959e-011 -10.402 -10.402 0.000
AlF2+ 4.311e-014 3.205e-014 -13.365 -13.494 -0.129
AlF3 1.130e-014 1.130e-014 -13.947 -13.947 0.000
AlF+2 1.010e-014 3.083e-015 -13.996 -14.511 -0.515
HF2- 5.548e-015 3.896e-015 -14.256 -14.409 -0.153
AlF4- 2.206e-016 1.600e-016 -15.656 -15.796 -0.139
H2F2 7.415e-021 7.415e-021 -20.130 -20.130 0.000
FeF+2 7.211e-021 2.111e-021 -20.142 -20.675 -0.533
FeF2+ 1.868e-021 1.374e-021 -20.729 -20.862 -0.133
FeF3 4.239e-023 4.239e-023 -22.373 -22.373 0.000
SiF6-2 5.037e-036 1.475e-036 -35.298 -35.831 -0.533

Fe(2) 2.690e-012
Fe+2 2.005e-012 2.262e-013 -11.698 -12.645 -0.948
FeSO4 6.525e-013 6.525e-013 -12.185 -12.185 0.000
FeOH+ 2.958e-014 2.176e-014 -13.529 -13.662 -0.133
FeHCO3+ 3.072e-015 2.316e-015 -14.513 -14.635 -0.123
FeHPO4 2.445e-016 2.445e-016 -15.612 -15.612 0.000
Fe(OH)3- 1.041e-016 7.660e-017 -15.982 -16.116 -0.133
Fe(OH)2 3.519e-017 3.519e-017 -16.454 -16.454 0.000
FeH2PO4+ 8.225e-019 6.114e-019 -18.085 -18.214 -0.129

Fe(3) 1.452e-008
Fe(OH)4- 1.146e-008 8.517e-009 -7.941 -8.070 -0.129
Fe(OH)2+ 1.808e-009 1.344e-009 -8.743 -8.872 -0.129
Fe(OH)3 1.250e-009 1.250e-009 -8.903 -8.903 0.000
FeOH+2 6.063e-016 1.775e-016 -15.217 -15.751 -0.533
FeHPO4+ 4.890e-019 3.635e-019 -18.311 -18.440 -0.129
FeSO4+ 1.052e-020 7.737e-021 -19.978 -20.111 -0.133
FeF+2 7.211e-021 2.111e-021 -20.142 -20.675 -0.533
Fe(SO4)2- 4.504e-021 2.610e-021 -20.346 -20.583 -0.237
FeF2+ 1.868e-021 1.374e-021 -20.729 -20.862 -0.133
Fe+3 1.164e-021 8.438e-023 -20.934 -22.074 -1.140
FeCl+2 1.298e-022 3.799e-023 -21.887 -22.420 -0.533
FeF3 4.239e-023 4.239e-023 -22.373 -22.373 0.000
FeCl2+ 9.190e-024 6.760e-024 -23.037 -23.170 -0.133
FeHSeO3+2 2.642e-025 2.981e-026 -24.578 -25.526 -0.948
FeH2PO4+2 2.831e-026 8.640e-027 -25.548 -26.063 -0.515
FeCl3 1.647e-026 1.647e-026 -25.783 -25.783 0.000
Fe2(OH)2+4 1.122e-026 1.819e-030 -25.950 -29.740 -3.790
Fe3(OH)4+5 2.508e-032 3.001e-038 -31.601 -37.523 -5.922

H(0) 2.493e-029
H2 1.246e-029 1.313e-029 -28.904 -28.882 0.023

K 1.496e-003
K+ 1.371e-003 1.024e-003 -2.863 -2.990 -0.127
KSO4- 1.246e-004 9.262e-005 -3.904 -4.033 -0.129
KHPO4- 2.838e-009 2.110e-009 -8.547 -8.676 -0.129

Mg 2.252e-003
Mg+2 1.317e-003 4.102e-004 -2.880 -3.387 -0.507
MgSO4 9.193e-004 9.193e-004 -3.037 -3.037 0.000
MgCO3 7.996e-006 7.996e-006 -5.097 -5.097 0.000
MgHCO3+ 5.995e-006 4.282e-006 -5.222 -5.368 -0.146
MgF+ 1.358e-006 9.849e-007 -5.867 -6.007 -0.139
MgOH+ 4.005e-007 3.052e-007 -6.397 -6.515 -0.118
MgHPO4 7.491e-008 7.491e-008 -7.125 -7.125 0.000
MgPO4- 1.715e-009 1.275e-009 -8.766 -8.895 -0.129
MgH2PO4+ 1.586e-010 1.178e-010 -9.800 -9.929 -0.129

Mn(2) 4.428e-006
Mn+2 3.567e-006 4.025e-007 -5.448 -6.395 -0.948
MnSO4 8.287e-007 8.287e-007 -6.082 -6.082 0.000
MnCl+ 1.679e-008 1.235e-008 -7.775 -7.908 -0.133
MnHCO3+ 1.114e-008 8.193e-009 -7.953 -8.087 -0.133
MnOH+ 3.321e-009 2.443e-009 -8.479 -8.612 -0.133
MnF+ 4.866e-010 3.579e-010 -9.313 -9.446 -0.133
MnCl2 4.251e-010 4.251e-010 -9.371 -9.371 0.000
MnCl3- 3.879e-012 2.853e-012 -11.411 -11.545 -0.133
MnSeO4 6.106e-015 6.106e-015 -14.214 -14.214 0.000
Mn(OH)3- 4.287e-015 3.154e-015 -14.368 -14.501 -0.133
Mn(OH)4-2 2.769e-019 8.106e-020 -18.558 -19.091 -0.533
MnSe 0.000e+000 0.000e+000 -42.056 -42.056 0.000

Mn(3) 2.478e-028
Mn+3 2.478e-028 1.796e-029 -27.606 -28.746 -1.140

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -43.691 -44.224 -0.533

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -50.470 -50.632 -0.162

Mo 6.011e-006
MoO4-2 6.011e-006 1.872e-006 -5.221 -5.728 -0.507
HMoO4- 5.278e-011 3.059e-011 -10.278 -10.514 -0.237
H2MoO4 7.539e-016 7.539e-016 -15.123 -15.123 0.000
AlMo6O21-3 0.000e+000 0.000e+000 -47.555 -49.686 -2.132
Mo7O24-6 0.000e+000 0.000e+000 -47.652 -56.179 -8.528
HMo7O24-5 0.000e+000 0.000e+000 -52.863 -58.785 -5.922
H2Mo7O24-4 0.000e+000 0.000e+000 -59.141 -62.931 -3.790
H3Mo7O24-3 0.000e+000 0.000e+000 -66.434 -68.566 -2.132

Na 1.455e-001
Na+ 1.353e-001 1.011e-001 -0.869 -0.995 -0.127
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NaSO4- 9.968e-003 7.409e-003 -2.001 -2.130 -0.129
NaCO3- 1.185e-004 8.808e-005 -3.926 -4.055 -0.129
NaHCO3 8.471e-005 8.471e-005 -4.072 -4.072 0.000
NaF 1.394e-006 1.394e-006 -5.856 -5.856 0.000
NaHPO4- 4.338e-007 3.225e-007 -6.363 -6.492 -0.129

O(0) 2.602e-039
O2 1.301e-039 1.371e-039 -38.886 -38.863 0.023

P 4.516e-006
CaPO4- 1.813e-006 1.347e-006 -5.742 -5.871 -0.129
HPO4-2 1.278e-006 3.741e-007 -5.894 -6.427 -0.533
CaHPO4 8.968e-007 8.968e-007 -6.047 -6.047 0.000
NaHPO4- 4.338e-007 3.225e-007 -6.363 -6.492 -0.129
MgHPO4 7.491e-008 7.491e-008 -7.125 -7.125 0.000
H2PO4- 1.066e-008 7.922e-009 -7.972 -8.101 -0.129
KHPO4- 2.838e-009 2.110e-009 -8.547 -8.676 -0.129
SrHPO4 2.016e-009 2.016e-009 -8.695 -8.695 0.000
MgPO4- 1.715e-009 1.275e-009 -8.766 -8.895 -0.129
PO4-3 1.255e-009 9.094e-011 -8.901 -10.041 -1.140
CaH2PO4+ 1.251e-009 9.301e-010 -8.903 -9.031 -0.129
MgH2PO4+ 1.586e-010 1.178e-010 -9.800 -9.929 -0.129
SrH2PO4+ 1.481e-012 8.583e-013 -11.829 -12.066 -0.237
H3PO4 1.184e-015 1.184e-015 -14.927 -14.927 0.000
FeHPO4 2.445e-016 2.445e-016 -15.612 -15.612 0.000
FeH2PO4+ 8.225e-019 6.114e-019 -18.085 -18.214 -0.129
FeHPO4+ 4.890e-019 3.635e-019 -18.311 -18.440 -0.129
FeH2PO4+2 2.831e-026 8.640e-027 -25.548 -26.063 -0.515

S(6) 7.443e-002
SO4-2 4.476e-002 1.394e-002 -1.349 -1.856 -0.507
CaSO4 1.860e-002 1.860e-002 -1.730 -1.730 0.000
NaSO4- 9.968e-003 7.409e-003 -2.001 -2.130 -0.129
MgSO4 9.193e-004 9.193e-004 -3.037 -3.037 0.000
KSO4- 1.246e-004 9.262e-005 -3.904 -4.033 -0.129
SrSO4 5.534e-005 5.534e-005 -4.257 -4.257 0.000
MnSO4 8.287e-007 8.287e-007 -6.082 -6.082 0.000
HSO4- 1.478e-009 1.072e-009 -8.830 -8.970 -0.139
FeSO4 6.525e-013 6.525e-013 -12.185 -12.185 0.000
AlSO4+ 9.876e-016 7.163e-016 -15.005 -15.145 -0.139
Al(SO4)2- 2.081e-016 1.510e-016 -15.682 -15.821 -0.139
FeSO4+ 1.052e-020 7.737e-021 -19.978 -20.111 -0.133
Fe(SO4)2- 4.504e-021 2.610e-021 -20.346 -20.583 -0.237

Se(-2) 1.151e-039
HSe- 1.151e-039 6.670e-040 -38.939 -39.176 -0.237
MnSe 0.000e+000 0.000e+000 -42.056 -42.056 0.000
H2Se 0.000e+000 0.000e+000 -44.216 -44.216 0.000
Se-2 0.000e+000 0.000e+000 -44.775 -45.722 -0.948

Se(4) 6.136e-006
SeO3-2 5.742e-006 6.480e-007 -5.241 -6.188 -0.948
HSeO3- 3.936e-007 2.281e-007 -6.405 -6.642 -0.237
H2SeO3 1.073e-013 1.073e-013 -12.969 -12.969 0.000
FeHSeO3+2 2.642e-025 2.981e-026 -24.578 -25.526 -0.948

Se(6) 2.440e-010
SeO4-2 2.440e-010 7.601e-011 -9.613 -10.119 -0.507
MnSeO4 6.106e-015 6.106e-015 -14.214 -14.214 0.000
HSeO4- 5.062e-018 2.934e-018 -17.296 -17.533 -0.237

Si 1.846e-004
H4SiO4 1.662e-004 1.751e-004 -3.779 -3.757 0.023
H3SiO4- 1.836e-005 1.311e-005 -4.736 -4.882 -0.146
H2SiO4-2 8.966e-010 2.736e-010 -9.047 -9.563 -0.515
SiF6-2 5.037e-036 1.475e-036 -35.298 -35.831 -0.533

Sr 1.318e-004
Sr+2 7.578e-005 2.360e-005 -4.120 -4.627 -0.507
SrSO4 5.534e-005 5.534e-005 -4.257 -4.257 0.000
SrHCO3+ 3.307e-007 2.493e-007 -6.481 -6.603 -0.123
SrCO3 3.011e-007 3.011e-007 -6.521 -6.521 0.000
SrF+ 2.887e-009 1.673e-009 -8.540 -8.776 -0.237
SrHPO4 2.016e-009 2.016e-009 -8.695 -8.695 0.000
SrOH+ 4.603e-010 3.386e-010 -9.337 -9.470 -0.133
SrH2PO4+ 1.481e-012 8.583e-013 -11.829 -12.066 -0.237

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.06 9.77 11.83 Al(OH)3
Al2(MoO4)3 -55.81 -51.02 4.79 Al2(MoO4)3
Al2O3 -2.50 19.56 22.05 Al2O3
Al4(OH)10SO4 -3.25 19.45 22.70 Al4(OH)10SO4
AlAsO4:2H2O -9.70 -4.90 4.80 AlAsO4:2H2O
AlOHSO4 -6.65 -9.88 -3.23 AlOHSO4
Alunite -4.62 -4.07 0.55 KAl3(SO4)2(OH)6
Anhydrite 0.27 -4.02 -4.29 CaSO4
Aragonite 1.50 -6.69 -8.19 CaCO3
Arsenolite -78.31 -81.63 -3.32 As4O6
Artinite -4.22 6.50 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -36.26 -29.35 6.92 As2O5
Ba(OH)2:8H2O -14.98 9.92 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 9.48 0.46 -9.01 Ba3(AsO4)2
BaF2 -11.10 -16.96 -5.86 BaF2
BaHPO4 -7.03 -26.80 -19.77 BaHPO4
BaMoO4 -6.53 -13.59 -7.06 BaMoO4
Barite 0.48 -9.72 -10.19 BaSO4
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BaSeO3 -7.32 -5.60 1.72 BaSeO3
BaSeO4 -10.32 -17.98 -7.66 BaSeO4
Birnessite -7.24 10.85 18.09 MnO2
Bixbyite -4.61 -4.10 0.51 Mn2O3
Boehmite 0.11 9.78 9.67 AlOOH
Brucite -3.49 14.41 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -4.77 17.53 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) 2.83 -26.59 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -0.63 -47.71 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.55 -21.11 -19.56 CaHPO4
CaHPO4:2H2O -1.91 -21.11 -19.21 CaHPO4:2H2O
Calcite 1.72 -6.69 -8.41 CaCO3
CaMoO4 0.03 -7.90 -7.93 CaMoO4
CaSeO3:2H2O -2.91 0.09 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.35 -12.29 -2.94 CaSeO4:2H2O
Celestite 0.16 -6.48 -6.64 SrSO4
CH4(g) -82.08 -125.51 -43.43 CH4
Chalcedony -0.02 -3.75 -3.73 SiO2
Chrysotile 1.70 35.72 34.02 Mg3Si2O5(OH)4
Claudetite -78.05 -81.63 -3.58 As4O6
CO2(g) -4.13 -22.32 -18.18 CO2
Cristobalite -0.22 -3.75 -3.54 SiO2
Cryolite -13.01 -47.20 -34.19 Na3AlF6
Diaspore 1.95 9.78 7.83 AlOOH
Dolomite(disordered) 1.52 -14.59 -16.11 CaMg(CO3)2
Dolomite(ordered) 2.13 -14.59 -16.72 CaMg(CO3)2
Epsomite -3.02 -5.26 -2.23 MgSO4:7H2O
FCO3Apatite 29.98 -85.95 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -8.41 5.15 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 4.51 1.47 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -7.85 -6.30 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -16.75 -37.38 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -48.23 -49.71 -1.49 Fe2(SO4)3
Fe3(OH)8 -5.83 14.39 20.22 Fe3(OH)8
FeAsO4:2H2O -10.45 -10.05 0.40 FeAsO4:2H2O
FeMoO4 -8.39 -18.37 -9.99 FeMoO4
Ferrihydrite 0.75 4.62 3.87 Fe(OH)3
Ferroselite -46.16 -65.20 -19.03 FeSe2
FeSe -31.90 -42.92 -11.02 FeSe
Fluorite -0.69 -11.27 -10.57 CaF2
Gibbsite 0.60 9.77 9.18 Al(OH)3
Goethite 3.57 4.62 1.05 FeOOH
Greenalite -12.86 7.95 20.81 Fe3Si2O5(OH)4
Gypsum 0.59 -4.03 -4.62 CaSO4:2H2O
H-Jarosite -15.49 -25.45 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -10.20 -23.53 -13.33 H2MoO4
H2Se(g) -43.26 -48.08 -4.82 H2Se
Halite -4.18 -2.61 1.57 NaCl
Halloysite 0.79 12.05 11.26 Al2Si2O5(OH)4
Hausmannite -4.93 60.01 64.94 Mn3O4
Hematite 9.47 9.25 -0.22 Fe2O3
Hercynite -1.10 24.71 25.81 FeAl2O4
Huntite -1.44 -30.40 -28.97 CaMg3(CO3)4
Hydromagnesite -10.48 -17.22 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 12.26 -32.07 -44.33 Ca5(PO4)3OH
K-Alum -18.19 -23.64 -5.45 KAl(SO4)2:12H2O
K-Jarosite -5.95 -19.53 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -15.00 -11.71 3.29 K2MoO4
K2SeO4 -15.37 -16.10 -0.73 K2SeO4
Kaolinite 3.24 12.05 8.81 Al2Si2O5(OH)4
Lepidocrocite 3.25 4.62 1.37 FeOOH
Lime -18.87 15.63 34.50 CaO
Maghemite 2.86 9.25 6.39 Fe2O3
Magnesioferrite 4.21 23.66 19.45 Fe2MgO4
Magnesite -0.26 -7.91 -7.65 MgCO3
Magnetite 9.06 14.40 5.34 Fe3O4
Manganite -1.04 24.30 25.34 MnOOH
Melanterite -12.12 -14.52 -2.40 FeSO4:7H2O
Mg(OH)2(active) -4.39 14.41 18.79 Mg(OH)2
Mg3(PO4)2 -6.96 -30.24 -23.28 Mg3(PO4)2
MgF2 -4.43 -12.48 -8.06 MgF2
MgHPO4:3H2O -4.16 -22.33 -18.18 MgHPO4:3H2O
MgMoO4 -7.26 -9.11 -1.85 MgMoO4
MgSeO3:6H2O -4.15 -1.14 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.32 -13.52 -1.20 MgSeO4:6H2O
Mirabilite -2.01 -3.87 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -58.86 -63.06 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -7.65 4.85 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -15.36 -39.27 -23.91 Mn3(PO4)2
MnCl2:4H2O -12.45 -9.63 2.82 MnCl2:4H2O
MnHPO4 0.06 -25.34 -25.40 MnHPO4
MnSe -41.08 -36.67 4.41 MnSe
MnSeO3 -5.27 -4.14 1.13 MnSeO3
MnSeO3:2H2O -5.04 -4.14 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.47 -16.52 -2.05 MnSeO4:5H2O
MnSO4 -11.44 -8.25 3.18 MnSO4
MoO3 -15.53 -23.53 -8.00 MoO3
Na-Jarosite -7.74 -17.54 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -14.13 -31.24 -17.12 Na2Mo2O7
Na2MoO4 -9.30 -7.72 1.58 Na2MoO4
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Na2MoO4:2H2O -8.95 -7.72 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -10.04 0.26 10.30 Na2SeO3:5H2O
Na2SeO4 -13.39 -12.11 1.28 Na2SeO4
Natron -4.61 -6.53 -1.92 Na2CO3:10H2O
Nesquehonite -3.47 -7.91 -4.45 MgCO3:3H2O
Nsutite -6.65 10.85 17.50 MnO2
O2(g) -36.80 51.60 88.39 O2
Periclase -8.58 14.41 22.99 MgO
Portlandite -8.37 15.63 24.00 Ca(OH)2
Pyrochroite -4.69 11.40 16.09 Mn(OH)2
Pyrolusite -6.70 37.20 43.90 MnO2
Quartz 0.45 -3.75 -4.21 SiO2
Rhodochrosite -0.35 -10.91 -10.56 MnCO3
Semetal(am) -15.07 -22.28 -7.21 Se
Semetal(hex -14.42 -22.28 -7.86 Se
SeO2 -15.65 -15.54 0.11 SeO2
SeO3 -50.32 -27.92 22.40 SeO3
Sepiolite 0.74 17.56 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -1.22 17.56 18.78 Mg2Si3O7.5OH:3H2O
Siderite -7.07 -17.16 -10.09 FeCO3
SiO2(am-gel) -0.91 -3.75 -2.84 SiO2
SiO2(am-ppt) -0.87 -3.75 -2.88 SiO2
Spinel -6.48 33.97 40.45 MgAl2O4
SrF2 -5.11 -13.72 -8.62 SrF2
SrHPO4 -4.27 -23.57 -19.30 SrHPO4
SrSeO3 -4.67 -2.37 2.30 SrSeO3
SrSeO4 -10.34 -14.75 -4.40 SrSeO4
Strengite -5.81 -32.12 -26.31 FePO4:2H2O
Strontianite 0.12 -9.15 -9.27 SrCO3
Thenardite -4.25 -3.85 0.41 Na2SO4
Thermonatrite -7.25 -6.51 0.73 Na2CO3:H2O
Vivianite -22.03 -58.03 -36.00 Fe3(PO4)2:8H2O
Witherite -3.77 -12.38 -8.61 BaCO3

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 2014 End of Season, Assume Discharge 15 MG
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Barite 0.00 -10.19 -10.19 0.000e+000 2.752e-008 2.752e-008
Ca3(PO4)2(beta) -0.30 -29.72 -29.42 0.000e+000 0 0.000e+000
Calcite 0.00 -8.41 -8.41 0.000e+000 5.630e-004 5.630e-004
Celestite 0.00 -6.64 -6.64 0.000e+000 3.233e-005 3.233e-005
Ferrihydrite -0.00 3.87 3.87 0.000e+000 5.795e-009 5.795e-009
Fluorite -0.93 -11.51 -10.57 0.000e+000 0 0.000e+000
Gibbsite 0.00 9.18 9.18 0.000e+000 3.320e-006 3.320e-006
Gypsum 0.25 -4.37 -4.62 1.000e+001 1.002e+001 2.027e-002
Quartz 0.00 -4.21 -4.21 0.000e+000 1.255e-004 1.255e-004
SiO2(am-gel) -1.37 -4.21 -2.84 0.000e+000 0 0.000e+000
SiO2(am-ppt) -1.33 -4.21 -2.88 0.000e+000 0 0.000e+000
SrF2 -5.16 -13.78 -8.62 0.000e+000 0 0.000e+000
Strontianite -1.41 -10.68 -9.27 0.000e+000 0 0.000e+000

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 6.114e-008 6.110e-008
As 8.353e-006 8.347e-006
Ba 1.693e-008 1.691e-008
C 1.605e-003 1.603e-003
Ca 1.990e-002 1.989e-002
Cl 3.264e-002 3.262e-002
F 4.271e-005 4.268e-005
Fe 8.731e-009 8.724e-009
K 1.497e-003 1.496e-003
Mg 2.254e-003 2.252e-003
Mn 4.431e-006 4.428e-006
Mo 6.016e-006 6.011e-006
Na 1.456e-001 1.455e-001
P 4.519e-006 4.516e-006
S 5.416e-002 5.413e-002
Se 6.140e-006 6.136e-006
Si 5.914e-005 5.909e-005
Sr 9.950e-005 9.943e-005

----------------------------Description of solution----------------------------

pH = 7.984 Charge balance
pe = 5.668 Adjusted to redox

equilibrium
Activity of water = 0.996
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Ionic strength = 1.887e-001
Mass of water (kg) = 9.993e-001

Total alkalinity (eq/kg) = 1.540e-003
Total CO2 (mol/kg) = 1.605e-003

Temperature (deg C) = 10.000
Electrical balance (eq) = 4.899e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 17.55
Iterations = 11

Total H = 1.109350e+002
Total O = 5.568819e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.294e-007 9.277e-008 -6.888 -7.033 -0.145
H+ 4.349e-008 3.280e-008 -7.362 -7.484 -0.123
H2O 5.551e+001 9.959e-001 1.744 -0.002 0.000

Al 6.114e-008
Al(OH)4- 3.126e-008 2.306e-008 -7.505 -7.637 -0.132
Al(OH)3 2.428e-008 2.428e-008 -7.615 -7.615 0.000
Al(OH)2+ 5.277e-009 3.981e-009 -8.278 -8.400 -0.122
AlF2+ 2.005e-010 1.512e-010 -9.698 -9.820 -0.122
AlF3 5.491e-011 5.491e-011 -10.260 -10.260 0.000
AlF+2 4.366e-011 1.413e-011 -10.360 -10.850 -0.490
AlOH+2 1.823e-011 5.900e-012 -10.739 -11.229 -0.490
AlSO4+ 3.635e-012 2.682e-012 -11.440 -11.572 -0.132
AlF4- 1.085e-012 8.006e-013 -11.965 -12.097 -0.132
Al+3 6.789e-013 5.360e-014 -12.168 -13.271 -1.103
Al(SO4)2- 6.443e-013 4.754e-013 -12.191 -12.323 -0.132
AlMo6O21-3 3.178e-036 3.606e-038 -35.498 -37.443 -1.945

As(3) 9.719e-019
H3AsO3 9.582e-019 9.582e-019 -18.019 -18.019 0.000
H2AsO3- 1.372e-020 8.341e-021 -19.863 -20.079 -0.216
HAsO3-2 8.569e-025 1.171e-025 -24.067 -24.932 -0.865
H4AsO3+ 2.561e-026 1.557e-026 -25.592 -25.808 -0.216
AsO3-3 7.060e-030 8.009e-032 -29.151 -31.096 -1.945

As(5) 8.353e-006
HAsO4-2 7.789e-006 1.064e-006 -5.109 -5.973 -0.865
H2AsO4- 5.582e-007 3.393e-007 -6.253 -6.469 -0.216
AsO4-3 6.288e-009 7.134e-011 -8.201 -10.147 -1.945
H3AsO4 1.591e-012 1.662e-012 -11.798 -11.779 0.019

Ba 1.693e-008
Ba+2 1.688e-008 5.463e-009 -7.773 -8.263 -0.490
BaHCO3+ 4.090e-011 3.125e-011 -10.388 -10.505 -0.117
BaCO3 2.128e-012 2.128e-012 -11.672 -11.672 0.000
BaOH+ 2.660e-015 1.988e-015 -14.575 -14.702 -0.127

C(4) 1.605e-003
HCO3- 1.355e-003 1.022e-003 -2.868 -2.991 -0.122
H2CO3 9.169e-005 9.169e-005 -4.038 -4.038 0.000
NaHCO3 7.967e-005 7.967e-005 -4.099 -4.099 0.000
CaHCO3+ 5.968e-005 4.560e-005 -4.224 -4.341 -0.117
MgHCO3+ 5.954e-006 4.334e-006 -5.225 -5.363 -0.138
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
NaCO3- 4.216e-006 3.180e-006 -5.375 -5.498 -0.122
CO3-2 3.305e-006 1.069e-006 -5.481 -5.971 -0.490
MgCO3 3.106e-007 3.106e-007 -6.508 -6.508 0.000
SrHCO3+ 2.492e-007 1.904e-007 -6.603 -6.720 -0.117
MnHCO3+ 1.217e-008 9.095e-009 -7.915 -8.041 -0.127
SrCO3 8.827e-009 8.827e-009 -8.054 -8.054 0.000
BaHCO3+ 4.090e-011 3.125e-011 -10.388 -10.505 -0.117
BaCO3 2.128e-012 2.128e-012 -11.672 -11.672 0.000
FeHCO3+ 1.887e-013 1.442e-013 -12.724 -12.841 -0.117

Ca 1.990e-002
Ca+2 1.135e-002 3.674e-003 -1.945 -2.435 -0.490
CaSO4 8.480e-003 8.480e-003 -2.072 -2.072 0.000
CaHCO3+ 5.968e-005 4.560e-005 -4.224 -4.341 -0.117
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CaF+ 1.157e-006 8.648e-007 -5.937 -6.063 -0.127
CaHPO4 8.639e-007 8.639e-007 -6.064 -6.064 0.000
CaPO4- 6.605e-008 4.982e-008 -7.180 -7.303 -0.122
CaH2PO4+ 3.095e-008 2.334e-008 -7.509 -7.632 -0.122
CaOH+ 7.453e-009 5.695e-009 -8.128 -8.244 -0.117

Cl 3.264e-002
Cl- 3.264e-002 2.462e-002 -1.486 -1.609 -0.123
MnCl+ 2.015e-008 1.506e-008 -7.696 -7.822 -0.127
MnCl2 5.237e-010 5.237e-010 -9.281 -9.281 0.000
MnCl3- 4.752e-012 3.551e-012 -11.323 -11.450 -0.127
FeCl+2 3.880e-019 1.210e-019 -18.411 -18.917 -0.506
FeCl2+ 2.910e-020 2.175e-020 -19.536 -19.663 -0.127
FeCl3 5.355e-023 5.355e-023 -22.271 -22.271 0.000

F 4.271e-005
F- 3.857e-005 2.909e-005 -4.414 -4.536 -0.123
MgF+ 1.512e-006 1.116e-006 -5.820 -5.952 -0.132
NaF 1.468e-006 1.468e-006 -5.833 -5.833 0.000
CaF+ 1.157e-006 8.648e-007 -5.937 -6.063 -0.127
SrF+ 2.353e-009 1.431e-009 -8.628 -8.844 -0.216
HF 1.062e-009 1.062e-009 -8.974 -8.974 0.000
MnF+ 5.952e-010 4.448e-010 -9.225 -9.352 -0.127
AlF2+ 2.005e-010 1.512e-010 -9.698 -9.820 -0.122
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AlF3 5.491e-011 5.491e-011 -10.260 -10.260 0.000
AlF+2 4.366e-011 1.413e-011 -10.360 -10.850 -0.490
AlF4- 1.085e-012 8.006e-013 -11.965 -12.097 -0.132
HF2- 1.501e-013 1.076e-013 -12.824 -12.968 -0.145
FeF+2 2.197e-017 6.851e-018 -16.658 -17.164 -0.506
FeF2+ 6.146e-018 4.592e-018 -17.211 -17.338 -0.127
H2F2 5.335e-018 5.335e-018 -17.273 -17.273 0.000
FeF3 1.458e-019 1.458e-019 -18.836 -18.836 0.000
SiF6-2 9.100e-031 2.837e-031 -30.041 -30.547 -0.506

Fe(2) 1.495e-010
Fe+2 1.121e-010 1.531e-011 -9.950 -10.815 -0.865
FeSO4 3.714e-011 3.714e-011 -10.430 -10.430 0.000
FeHCO3+ 1.887e-013 1.442e-013 -12.724 -12.841 -0.117
FeOH+ 7.567e-014 5.655e-014 -13.121 -13.248 -0.127
FeHPO4 2.941e-014 2.941e-014 -13.531 -13.531 0.000
FeH2PO4+ 2.540e-015 1.916e-015 -14.595 -14.718 -0.122
Fe(OH)2 3.512e-018 3.512e-018 -17.454 -17.454 0.000
Fe(OH)3- 3.929e-019 2.936e-019 -18.406 -18.532 -0.127
Fe(HS)2 0.000e+000 0.000e+000 -162.681 -162.681 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -240.836 -241.052 -0.216

Fe(3) 8.581e-009
Fe(OH)2+ 8.280e-009 6.246e-009 -8.082 -8.204 -0.122
Fe(OH)3 2.232e-010 2.232e-010 -9.651 -9.651 0.000
Fe(OH)4- 7.741e-011 5.839e-011 -10.111 -10.234 -0.122
FeOH+2 6.891e-014 2.149e-014 -13.162 -13.668 -0.506
FeHPO4+ 2.699e-015 2.036e-015 -14.569 -14.691 -0.122
FeSO4+ 2.745e-017 2.051e-017 -16.562 -16.688 -0.127
FeF+2 2.197e-017 6.851e-018 -16.658 -17.164 -0.506
Fe(SO4)2- 9.574e-018 5.820e-018 -17.019 -17.235 -0.216
FeF2+ 6.146e-018 4.592e-018 -17.211 -17.338 -0.127
Fe+3 3.368e-018 2.660e-019 -17.473 -18.575 -1.103
FeCl+2 3.880e-019 1.210e-019 -18.411 -18.917 -0.506
FeF3 1.458e-019 1.458e-019 -18.836 -18.836 0.000
FeCl2+ 2.910e-020 2.175e-020 -19.536 -19.663 -0.127
FeHSeO3+2 7.579e-021 1.035e-021 -20.120 -20.985 -0.865
FeH2PO4+2 3.896e-021 1.261e-021 -20.409 -20.899 -0.490
Fe2(OH)2+4 7.653e-023 2.665e-026 -22.116 -25.574 -3.458
FeCl3 5.355e-023 5.355e-023 -22.271 -22.271 0.000
Fe3(OH)4+5 5.175e-028 2.044e-033 -27.286 -32.689 -5.403

H(0) 7.869e-030
H2 3.934e-030 4.109e-030 -29.405 -29.386 0.019

K 1.497e-003
K+ 1.391e-003 1.049e-003 -2.857 -2.979 -0.123
KSO4- 1.058e-004 7.979e-005 -3.976 -4.098 -0.122
KHPO4- 5.091e-009 3.840e-009 -8.293 -8.416 -0.122

Mg 2.254e-003
Mg+2 1.395e-003 4.513e-004 -2.855 -3.346 -0.490
MgSO4 8.508e-004 8.508e-004 -3.070 -3.070 0.000
MgHCO3+ 5.954e-006 4.334e-006 -5.225 -5.363 -0.138
MgF+ 1.512e-006 1.116e-006 -5.820 -5.952 -0.132
MgCO3 3.106e-007 3.106e-007 -6.508 -6.508 0.000
MgHPO4 1.465e-007 1.465e-007 -6.834 -6.834 0.000
MgOH+ 1.671e-008 1.290e-008 -7.777 -7.889 -0.113
MgH2PO4+ 7.960e-009 6.004e-009 -8.099 -8.222 -0.122
MgPO4- 1.268e-010 9.567e-011 -9.897 -10.019 -0.122

Mn(2) 4.431e-006
Mn+2 3.556e-006 4.858e-007 -5.449 -6.314 -0.865
MnSO4 8.412e-007 8.412e-007 -6.075 -6.075 0.000
MnCl+ 2.015e-008 1.506e-008 -7.696 -7.822 -0.127
MnHCO3+ 1.217e-008 9.095e-009 -7.915 -8.041 -0.127
MnF+ 5.952e-010 4.448e-010 -9.225 -9.352 -0.127
MnCl2 5.237e-010 5.237e-010 -9.281 -9.281 0.000
MnOH+ 1.515e-010 1.132e-010 -9.820 -9.946 -0.127
MnCl3- 4.752e-012 3.551e-012 -11.323 -11.450 -0.127
MnSeO4 9.964e-015 9.964e-015 -14.002 -14.002 0.000
Mn(OH)3- 2.885e-019 2.156e-019 -18.540 -18.666 -0.127
Mn(OH)4-2 6.825e-025 2.128e-025 -24.166 -24.672 -0.506
MnSe 0.000e+000 0.000e+000 -43.862 -43.862 0.000

Mn(3) 1.279e-026
Mn+3 1.279e-026 1.010e-027 -25.893 -26.996 -1.103

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -48.290 -48.796 -0.506

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -53.384 -53.536 -0.152

Mo 6.016e-006
MoO4-2 6.014e-006 1.946e-006 -5.221 -5.711 -0.490
HMoO4- 1.362e-009 8.283e-010 -8.866 -9.082 -0.216
H2MoO4 5.318e-013 5.318e-013 -12.274 -12.274 0.000
AlMo6O21-3 3.178e-036 3.606e-038 -35.498 -37.443 -1.945
Mo7O24-6 1.109e-037 0.000e+000 -36.955 -44.736 -7.781
HMo7O24-5 0.000e+000 0.000e+000 -40.523 -45.926 -5.403
H2Mo7O24-4 0.000e+000 0.000e+000 -45.198 -48.656 -3.458
H3Mo7O24-3 0.000e+000 0.000e+000 -50.930 -52.876 -1.945

Na 1.456e-001
Na+ 1.371e-001 1.034e-001 -0.863 -0.986 -0.123
NaSO4- 8.448e-003 6.372e-003 -2.073 -2.196 -0.122
NaHCO3 7.967e-005 7.967e-005 -4.099 -4.099 0.000
NaCO3- 4.216e-006 3.180e-006 -5.375 -5.498 -0.122
NaF 1.468e-006 1.468e-006 -5.833 -5.833 0.000
NaHPO4- 7.769e-007 5.860e-007 -6.110 -6.232 -0.122

O(0) 2.683e-038
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O2 1.342e-038 1.401e-038 -37.872 -37.854 0.019
P 4.519e-006

HPO4-2 2.132e-006 6.648e-007 -5.671 -6.177 -0.506
CaHPO4 8.639e-007 8.639e-007 -6.064 -6.064 0.000
NaHPO4- 7.769e-007 5.860e-007 -6.110 -6.232 -0.122
H2PO4- 4.863e-007 3.668e-007 -6.313 -6.436 -0.122
MgHPO4 1.465e-007 1.465e-007 -6.834 -6.834 0.000
CaPO4- 6.605e-008 4.982e-008 -7.180 -7.303 -0.122
CaH2PO4+ 3.095e-008 2.334e-008 -7.509 -7.632 -0.122
MgH2PO4+ 7.960e-009 6.004e-009 -8.099 -8.222 -0.122
KHPO4- 5.091e-009 3.840e-009 -8.293 -8.416 -0.122
SrHPO4 2.976e-009 2.976e-009 -8.526 -8.526 0.000
MgPO4- 1.268e-010 9.567e-011 -9.897 -10.019 -0.122
PO4-3 7.857e-011 6.204e-012 -10.105 -11.207 -1.103
SrH2PO4+ 5.429e-011 3.300e-011 -10.265 -10.481 -0.216
H3PO4 1.429e-012 1.429e-012 -11.845 -11.845 0.000
FeHPO4 2.941e-014 2.941e-014 -13.531 -13.531 0.000
FeHPO4+ 2.699e-015 2.036e-015 -14.569 -14.691 -0.122
FeH2PO4+ 2.540e-015 1.916e-015 -14.595 -14.718 -0.122
FeH2PO4+2 3.896e-021 1.261e-021 -20.409 -20.899 -0.490

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -80.192 -80.408 -0.216
H2S 0.000e+000 0.000e+000 -80.668 -80.668 0.000
S5-2 0.000e+000 0.000e+000 -81.773 -82.638 -0.865
S6-2 0.000e+000 0.000e+000 -81.940 -82.805 -0.865
S4-2 0.000e+000 0.000e+000 -82.385 -83.249 -0.865
S3-2 0.000e+000 0.000e+000 -83.218 -84.082 -0.865
S2-2 0.000e+000 0.000e+000 -84.273 -85.137 -0.865
S-2 0.000e+000 0.000e+000 -90.176 -90.682 -0.506
Fe(HS)2 0.000e+000 0.000e+000 -162.681 -162.681 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -240.836 -241.052 -0.216

S(6) 5.416e-002
SO4-2 3.624e-002 1.173e-002 -1.441 -1.931 -0.490
CaSO4 8.480e-003 8.480e-003 -2.072 -2.072 0.000
NaSO4- 8.448e-003 6.372e-003 -2.073 -2.196 -0.122
MgSO4 8.508e-004 8.508e-004 -3.070 -3.070 0.000
KSO4- 1.058e-004 7.979e-005 -3.976 -4.098 -0.122
SrSO4 3.865e-005 3.865e-005 -4.413 -4.413 0.000
MnSO4 8.412e-007 8.412e-007 -6.075 -6.075 0.000
HSO4- 3.183e-008 2.349e-008 -7.497 -7.629 -0.132
FeSO4 3.714e-011 3.714e-011 -10.430 -10.430 0.000
AlSO4+ 3.635e-012 2.682e-012 -11.440 -11.572 -0.132
Al(SO4)2- 6.443e-013 4.754e-013 -12.191 -12.323 -0.132
FeSO4+ 2.745e-017 2.051e-017 -16.562 -16.688 -0.127
Fe(SO4)2- 9.574e-018 5.820e-018 -17.019 -17.235 -0.216

Se(-2) 3.699e-040
HSe- 3.699e-040 2.249e-040 -39.432 -39.648 -0.216
H2Se 0.000e+000 0.000e+000 -43.273 -43.273 0.000
MnSe 0.000e+000 0.000e+000 -43.862 -43.862 0.000
Se-2 0.000e+000 0.000e+000 -46.746 -47.610 -0.865

Se(4) 6.140e-006
HSeO3- 4.134e-006 2.513e-006 -5.384 -5.600 -0.216
SeO3-2 2.006e-006 2.740e-007 -5.698 -6.562 -0.865
H2SeO3 3.080e-011 3.080e-011 -10.511 -10.511 0.000
FeHSeO3+2 7.579e-021 1.035e-021 -20.120 -20.985 -0.865

Se(6) 3.177e-010
SeO4-2 3.176e-010 1.028e-010 -9.498 -9.988 -0.490
MnSeO4 9.964e-015 9.964e-015 -14.002 -14.002 0.000
HSeO4- 1.700e-016 1.033e-016 -15.770 -15.986 -0.216

Si 5.914e-005
H4SiO4 5.889e-005 6.151e-005 -4.230 -4.211 0.019
H3SiO4- 2.429e-007 1.768e-007 -6.615 -6.753 -0.138
H2SiO4-2 4.375e-013 1.416e-013 -12.359 -12.849 -0.490
SiF6-2 9.100e-031 2.837e-031 -30.041 -30.547 -0.506

Sr 9.950e-005
Sr+2 6.058e-005 1.960e-005 -4.218 -4.708 -0.490
SrSO4 3.865e-005 3.865e-005 -4.413 -4.413 0.000
SrHCO3+ 2.492e-007 1.904e-007 -6.603 -6.720 -0.117
SrCO3 8.827e-009 8.827e-009 -8.054 -8.054 0.000
SrHPO4 2.976e-009 2.976e-009 -8.526 -8.526 0.000
SrF+ 2.353e-009 1.431e-009 -8.628 -8.844 -0.216
SrH2PO4+ 5.429e-011 3.300e-011 -10.265 -10.481 -0.216
SrOH+ 1.445e-011 1.080e-011 -10.840 -10.967 -0.127

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.65 9.18 11.83 Al(OH)3
Al2(MoO4)3 -48.46 -43.67 4.79 Al2(MoO4)3
Al2O3 -3.69 18.36 22.05 Al2O3
Al4(OH)10SO4 -2.89 19.81 22.70 Al4(OH)10SO4
AlAsO4:2H2O -7.40 -2.60 4.80 AlAsO4:2H2O
AlOHSO4 -4.49 -7.72 -3.23 AlOHSO4
Alunite -2.31 -1.76 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.07 -4.37 -4.29 CaSO4
Aragonite -0.22 -8.41 -8.19 CaCO3
Arsenolite -68.75 -72.06 -3.32 As4O6
Artinite -8.42 2.30 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -30.47 -23.55 6.92 As2O5
Ba(OH)2:8H2O -18.21 6.69 24.90 Ba(OH)2:8H2O
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Ba3(AsO4)2 5.57 -3.44 -9.01 Ba3(AsO4)2
BaF2 -11.48 -17.34 -5.86 BaF2
BaHPO4 -7.18 -26.95 -19.77 BaHPO4
BaMoO4 -6.91 -13.97 -7.06 BaMoO4
Barite 0.00 -10.19 -10.19 BaSO4
BaS -97.37 -81.19 16.18 BaS
BaSeO3 -8.10 -6.38 1.72 BaSeO3
BaSeO4 -10.59 -18.25 -7.66 BaSeO4
Birnessite -9.49 8.61 18.09 MnO2
Bixbyite -9.60 -9.09 0.51 Mn2O3
Boehmite -0.49 9.18 9.67 AlOOH
Brucite -6.28 11.62 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -8.27 14.03 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) -0.30 -29.72 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -3.77 -50.85 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.56 -21.13 -19.56 CaHPO4
CaHPO4:2H2O -1.92 -21.13 -19.21 CaHPO4:2H2O
Calcite 0.00 -8.41 -8.41 CaCO3
CaMoO4 -0.21 -8.15 -7.93 CaMoO4
CaSeO3:2H2O -3.55 -0.55 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.48 -12.43 -2.94 CaSeO4:2H2O
Celestite 0.00 -6.64 -6.64 SrSO4
CH4(g) -82.72 -126.15 -43.43 CH4
Chalcedony -0.47 -4.21 -3.73 SiO2
Chrysotile -7.57 26.44 34.02 Mg3Si2O5(OH)4
Claudetite -68.48 -72.06 -3.58 As4O6
CO2(g) -2.75 -20.94 -18.18 CO2
Cristobalite -0.67 -4.21 -3.54 SiO2
Cryolite -9.25 -43.45 -34.19 Na3AlF6
Diaspore 1.35 9.18 7.83 AlOOH
Dolomite(disordered) -1.61 -17.72 -16.11 CaMg(CO3)2
Dolomite(ordered) -1.00 -17.72 -16.72 CaMg(CO3)2
Epsomite -3.05 -5.29 -2.23 MgSO4:7H2O
FCO3Apatite 20.20 -95.73 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -9.41 4.15 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 4.18 1.14 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -6.89 -5.34 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -10.87 -31.50 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -41.45 -42.94 -1.49 Fe2(SO4)3
Fe3(OH)8 -8.33 11.89 20.22 Fe3(OH)8
FeAsO4:2H2O -8.31 -7.91 0.40 FeAsO4:2H2O
FeMoO4 -6.54 -16.53 -9.99 FeMoO4
Ferrihydrite -0.00 3.87 3.87 Fe(OH)3
Ferroselite -44.77 -63.81 -19.03 FeSe2
FeS(ppt) -80.89 -83.74 -2.85 FeS
FeSe -31.96 -42.98 -11.02 FeSe
Fluorite -0.93 -11.51 -10.57 CaF2
Gibbsite 0.00 9.18 9.18 Al(OH)3
Goethite 2.82 3.87 1.05 FeOOH
Greenalite -16.77 4.04 20.81 Fe3Si2O5(OH)4
Greigite -294.63 -339.66 -45.03 Fe3S4
Gypsum 0.25 -4.37 -4.62 CaSO4:2H2O
H-Jarosite -12.22 -22.18 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -7.35 -20.68 -13.33 H2MoO4
H2S(g) -79.88 -87.89 -8.01 H2S
H2Se(g) -42.31 -47.13 -4.82 H2Se
Halite -4.16 -2.59 1.57 NaCl
Halloysite -1.32 9.94 11.26 Al2Si2O5(OH)4
Hausmannite -12.68 52.26 64.94 Mn3O4
Hematite 7.97 7.75 -0.22 Fe2O3
Hercynite -3.30 22.51 25.81 FeAl2O4
Huntite -7.39 -36.35 -28.97 CaMg3(CO3)4
Hydromagnesite -18.91 -25.65 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 6.02 -38.31 -44.33 Ca5(PO4)3OH
K-Alum -14.68 -20.13 -5.45 KAl(SO4)2:12H2O
K-Jarosite -4.09 -17.67 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -14.96 -11.67 3.29 K2MoO4
K2SeO4 -15.22 -15.95 -0.73 K2SeO4
Kaolinite 1.13 9.94 8.81 Al2Si2O5(OH)4
Lepidocrocite 2.50 3.87 1.37 FeOOH
Lime -21.97 12.53 34.50 CaO
Mackinawite -80.14 -83.74 -3.60 FeS
Maghemite 1.36 7.75 6.39 Fe2O3
Magnesioferrite -0.08 19.37 19.45 Fe2MgO4
Magnesite -1.67 -9.32 -7.65 MgCO3
Magnetite 6.56 11.90 5.34 Fe3O4
Manganite -3.54 21.80 25.34 MnOOH
Melanterite -10.36 -12.76 -2.40 FeSO4:7H2O
Mg(OH)2(active) -7.17 11.62 18.79 Mg(OH)2
Mg3(PO4)2 -9.17 -32.45 -23.28 Mg3(PO4)2
MgF2 -4.36 -12.42 -8.06 MgF2
MgHPO4:3H2O -3.87 -22.04 -18.18 MgHPO4:3H2O
MgMoO4 -7.21 -9.06 -1.85 MgMoO4
MgSeO3:6H2O -4.48 -1.47 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.14 -13.34 -1.20 MgSeO4:6H2O
Mirabilite -2.07 -3.92 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -55.59 -59.78 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -10.11 2.39 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -17.45 -41.36 -23.91 Mn3(PO4)2
MnCl2:4H2O -12.35 -9.54 2.82 MnCl2:4H2O
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MnHPO4 0.39 -25.01 -25.40 MnHPO4
MnS(grn) -79.70 -79.24 0.47 MnS
MnS(pnk) -82.58 -79.24 3.34 MnS
MnSe -42.89 -38.48 4.41 MnSe
MnSeO3 -5.56 -4.43 1.13 MnSeO3
MnSeO3:2H2O -5.34 -4.43 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.26 -16.31 -2.05 MnSeO4:5H2O
MnSO4 -11.43 -8.24 3.18 MnSO4
MoO3 -12.68 -20.68 -8.00 MoO3
MoS2 -148.89 -222.76 -73.87 MoS2
Na-Jarosite -5.88 -15.68 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -11.24 -28.36 -17.12 Na2Mo2O7
Na2MoO4 -9.26 -7.68 1.58 Na2MoO4
Na2MoO4:2H2O -8.91 -7.69 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -10.40 -0.10 10.30 Na2SeO3:5H2O
Na2SeO4 -13.24 -11.96 1.28 Na2SeO4
Natron -6.04 -7.96 -1.92 Na2CO3:10H2O
Nesquehonite -4.88 -9.32 -4.45 MgCO3:3H2O
Nsutite -8.90 8.61 17.50 MnO2
O2(g) -35.79 52.61 88.39 O2
Orpiment -235.38 -299.70 -64.32 As2S3
Periclase -11.37 11.62 22.99 MgO
Portlandite -11.47 12.53 24.00 Ca(OH)2
Pyrite -126.36 -145.33 -18.97 FeS2
Pyrochroite -7.44 8.65 16.09 Mn(OH)2
Pyrolusite -8.95 34.96 43.90 MnO2
Quartz 0.00 -4.21 -4.21 SiO2
Realgar -98.12 -119.06 -20.93 AsS
Rhodochrosite -1.72 -12.28 -10.56 MnCO3
Semetal(am) -13.62 -20.83 -7.21 Se
Semetal(hex -12.97 -20.83 -7.86 Se
SeO2 -13.19 -13.08 0.11 SeO2
SeO3 -47.36 -24.95 22.40 SeO3
Sepiolite -6.21 10.61 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -8.17 10.61 18.78 Mg2Si3O7.5OH:3H2O
Siderite -6.69 -16.79 -10.09 FeCO3
SiO2(am-gel) -1.37 -4.21 -2.84 SiO2
SiO2(am-ppt) -1.33 -4.21 -2.88 SiO2
Spinel -10.47 29.98 40.45 MgAl2O4
SrF2 -5.16 -13.78 -8.62 SrF2
SrHPO4 -4.10 -23.40 -19.30 SrHPO4
SrSeO3 -5.12 -2.82 2.30 SrSeO3
SrSeO4 -10.29 -14.70 -4.40 SrSeO4
Strengite -3.47 -29.79 -26.31 FePO4:2H2O
Strontianite -1.41 -10.68 -9.27 SrCO3
Sulfur -59.59 -61.59 -1.99 S
Thenardite -4.31 -3.90 0.41 Na2SO4
Thermonatrite -8.68 -7.94 0.73 Na2CO3:H2O
Vivianite -18.87 -54.87 -36.00 Fe3(PO4)2:8H2O
Witherite -5.63 -14.23 -8.61 BaCO3

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------
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Appendix C – 7. Beal Mountain RO Water Treatment Facility PHREEQC Modeling Data – End
of 2014, Modeling 20 MG Treated Water Discharged

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

Solution 1 - Beal Mtn 2014 End of Season, Assume Discharge 20 MG
pH 8.9
temp 10
Units mg/L
Alkalinity 472
As 1.850
Cl 3421
F 2.30
P 0.401
Se 1.433
Si 32.75
S(6) 21162
Al 0.2696
Ba 0.01446
Ca 4830
Fe 0.00239
Mg 160
Mn 0.71
Mo 1.706
K 172.1
Na 9893
Sr 34.17
EQUILIBRIUM_PHASES 1
Barite 0 0
Gypsum 0.25 10 #Assume 178% saturation
Calcite 0 0
Celestite 0 0
Ca3(PO4)2(beta) 0 0
Ferrihydrite 0 0
Fluorite 0 0
Gibbsite 0 0
Quartz 0 0
SiO2(am-gel) 0 0
SiO2(am-ppt) 0 0
SrF2 0 0
Strontianite 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 2014 End of Season, Assume Discharge 20 MG

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 1.041e-005 1.041e-005
Alkalinity 8.059e-003 8.059e-003
As 2.573e-005 2.573e-005
Ba 1.097e-007 1.097e-007
Ca 1.256e-001 1.256e-001
Cl 1.005e-001 1.005e-001
F 1.261e-004 1.261e-004
Fe 4.459e-008 4.459e-008
K 4.586e-003 4.586e-003
Mg 6.859e-003 6.859e-003
Mn 1.346e-005 1.346e-005
Mo 1.853e-005 1.853e-005
Na 4.483e-001 4.483e-001
P 1.349e-005 1.349e-005
S(6) 2.295e-001 2.295e-001
Se 1.891e-005 1.891e-005
Si 5.679e-004 5.679e-004
Sr 4.063e-004 4.063e-004

----------------------------Description of solution----------------------------
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pH = 8.900
pe = 4.000

Activity of water = 0.987
Ionic strength = 5.580e-001

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 6.011e-003

Total CO2 (mol/kg) = 6.011e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.508e-001
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 18.03

Iterations = 17
Total H = 1.110201e+002
Total O = 5.644551e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.801e-006 2.395e-006 -5.420 -5.621 -0.201
H+ 1.696e-009 1.259e-009 -8.771 -8.900 -0.129
H2O 5.551e+001 9.868e-001 1.744 -0.006 0.000

Al 1.041e-005
Al(OH)4- 1.013e-005 6.736e-006 -4.994 -5.172 -0.177
Al(OH)3 2.748e-007 2.748e-007 -6.561 -6.561 0.000
Al(OH)2+ 2.525e-009 1.745e-009 -8.598 -8.758 -0.161
AlF2+ 8.608e-013 5.948e-013 -12.065 -12.226 -0.161
AlF3 5.281e-013 5.281e-013 -12.277 -12.277 0.000
AlOH+2 4.395e-013 1.002e-013 -12.357 -12.999 -0.642
AlF+2 9.973e-014 2.273e-014 -13.001 -13.643 -0.642
AlF4- 2.832e-014 1.882e-014 -13.548 -13.725 -0.177
AlSO4+ 6.112e-015 4.063e-015 -14.214 -14.391 -0.177
Al(SO4)2- 2.494e-015 1.658e-015 -14.603 -14.780 -0.177
Al+3 5.157e-016 3.527e-017 -15.288 -16.453 -1.165
AlMo6O21-3 0.000e+000 0.000e+000 -42.998 -46.343 -3.345

As(3) 4.894e-021
H3AsO3 3.186e-021 3.186e-021 -20.497 -20.497 0.000
H2AsO3- 1.700e-021 7.225e-022 -20.770 -21.141 -0.372
HAsO3-2 8.100e-024 2.641e-025 -23.092 -24.578 -1.487
AsO3-3 1.042e-026 4.708e-030 -25.982 -29.327 -3.345
H4AsO3+ 4.676e-030 1.987e-030 -29.330 -29.702 -0.372

As(5) 2.573e-005
HAsO4-2 2.283e-005 7.444e-007 -4.642 -6.128 -1.487
AsO4-3 2.877e-006 1.300e-009 -5.541 -8.886 -3.345
H2AsO4- 2.144e-008 9.113e-009 -7.669 -8.040 -0.372
H3AsO4 1.506e-015 1.713e-015 -14.822 -14.766 0.056

Ba 1.097e-007
Ba+2 1.084e-007 3.291e-008 -6.965 -7.483 -0.518
BaCO3 7.007e-010 7.007e-010 -9.154 -9.154 0.000
BaHCO3+ 5.591e-010 3.949e-010 -9.252 -9.403 -0.151
BaOH+ 4.548e-013 3.092e-013 -12.342 -12.510 -0.168

C(4) 6.011e-003
HCO3- 3.102e-003 2.144e-003 -2.508 -2.669 -0.161
CaCO3 9.481e-004 9.481e-004 -3.023 -3.023 0.000
NaCO3- 7.005e-004 4.841e-004 -3.155 -3.315 -0.161
CaHCO3+ 5.311e-004 3.752e-004 -3.275 -3.426 -0.151
NaHCO3 4.655e-004 4.655e-004 -3.332 -3.332 0.000
CO3-2 1.925e-004 5.843e-005 -3.716 -4.233 -0.518
MgCO3 3.344e-005 3.344e-005 -4.476 -4.476 0.000
MgHCO3+ 2.762e-005 1.791e-005 -4.559 -4.747 -0.188
H2CO3 7.382e-006 7.382e-006 -5.132 -5.132 0.000
SrHCO3+ 1.486e-006 1.049e-006 -5.828 -5.979 -0.151
SrCO3 1.267e-006 1.267e-006 -5.897 -5.897 0.000
MnHCO3+ 2.230e-008 1.516e-008 -7.652 -7.819 -0.168
BaCO3 7.007e-010 7.007e-010 -9.154 -9.154 0.000
BaHCO3+ 5.591e-010 3.949e-010 -9.252 -9.403 -0.151
FeHCO3+ 1.876e-014 1.325e-014 -13.727 -13.878 -0.151

Ca 1.256e-001
CaSO4 7.658e-002 7.658e-002 -1.116 -1.116 0.000
Ca+2 4.748e-002 1.441e-002 -1.324 -1.841 -0.518
CaCO3 9.481e-004 9.481e-004 -3.023 -3.023 0.000
CaHCO3+ 5.311e-004 3.752e-004 -3.275 -3.426 -0.151
CaF+ 1.220e-005 8.294e-006 -4.914 -5.081 -0.168
CaPO4- 5.995e-006 4.142e-006 -5.222 -5.383 -0.161
CaHPO4 2.757e-006 2.757e-006 -5.560 -5.560 0.000
CaOH+ 8.164e-007 5.766e-007 -6.088 -6.239 -0.151
CaH2PO4+ 4.138e-009 2.859e-009 -8.383 -8.544 -0.161

Cl 1.005e-001
Cl- 1.005e-001 7.462e-002 -0.998 -1.127 -0.129
MnCl+ 5.336e-008 3.627e-008 -7.273 -7.440 -0.168
MnCl2 3.823e-009 3.823e-009 -8.418 -8.418 0.000
MnCl3- 1.156e-010 7.858e-011 -9.937 -10.105 -0.168
FeCl+2 1.614e-021 3.449e-022 -20.792 -21.462 -0.670
FeCl2+ 2.764e-022 1.879e-022 -21.558 -21.726 -0.168
FeCl3 1.402e-024 1.402e-024 -23.853 -23.853 0.000

F 1.261e-004
F- 9.582e-005 7.112e-005 -4.019 -4.148 -0.129
CaF+ 1.220e-005 8.294e-006 -4.914 -5.081 -0.168
NaF 1.000e-005 1.000e-005 -5.000 -5.000 0.000
MgF+ 8.084e-006 5.374e-006 -5.092 -5.270 -0.177
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SrF+ 2.163e-008 9.191e-009 -7.665 -8.037 -0.372
MnF+ 1.271e-009 8.643e-010 -8.896 -9.063 -0.168
HF 9.968e-011 9.968e-011 -10.001 -10.001 0.000
AlF2+ 8.608e-013 5.948e-013 -12.065 -12.226 -0.161
AlF3 5.281e-013 5.281e-013 -12.277 -12.277 0.000
AlF+2 9.973e-014 2.273e-014 -13.001 -13.643 -0.642
HF2- 3.919e-014 2.469e-014 -13.407 -13.607 -0.201
AlF4- 2.832e-014 1.882e-014 -13.548 -13.725 -0.177
FeF+2 7.376e-020 1.576e-020 -19.132 -19.803 -0.670
H2F2 4.699e-020 4.699e-020 -19.328 -19.328 0.000
FeF2+ 3.798e-020 2.582e-020 -19.420 -19.588 -0.168
FeF3 2.005e-021 2.005e-021 -20.698 -20.698 0.000
SiF6-2 5.932e-033 1.267e-033 -32.227 -32.897 -0.670

Fe(2) 2.443e-011
Fe+2 2.057e-011 6.707e-013 -10.687 -12.173 -1.487
FeSO4 3.747e-012 3.747e-012 -11.426 -11.426 0.000
FeOH+ 9.405e-014 6.394e-014 -13.027 -13.194 -0.168
FeHCO3+ 1.876e-014 1.325e-014 -13.727 -13.878 -0.151
FeHPO4 1.048e-015 1.048e-015 -14.980 -14.980 0.000
Fe(OH)3- 3.254e-016 2.212e-016 -15.488 -15.655 -0.168
Fe(OH)2 1.025e-016 1.025e-016 -15.989 -15.989 0.000
FeH2PO4+ 3.793e-018 2.621e-018 -17.421 -17.582 -0.161

Fe(3) 4.456e-008
Fe(OH)4- 3.529e-008 2.438e-008 -7.452 -7.613 -0.161
Fe(OH)2+ 5.665e-009 3.914e-009 -8.247 -8.407 -0.161
Fe(OH)3 3.610e-009 3.610e-009 -8.442 -8.442 0.000
FeOH+2 2.442e-015 5.217e-016 -14.612 -15.283 -0.670
FeHPO4+ 2.255e-018 1.558e-018 -17.647 -17.807 -0.161
FeF+2 7.376e-020 1.576e-020 -19.132 -19.803 -0.670
Fe(SO4)2- 6.830e-020 2.902e-020 -19.166 -19.537 -0.372
FeSO4+ 6.534e-020 4.442e-020 -19.185 -19.352 -0.168
FeF2+ 3.798e-020 2.582e-020 -19.420 -19.588 -0.168
Fe+3 3.659e-021 2.502e-022 -20.437 -21.602 -1.165
FeF3 2.005e-021 2.005e-021 -20.698 -20.698 0.000
FeCl+2 1.614e-021 3.449e-022 -20.792 -21.462 -0.670
FeCl2+ 2.764e-022 1.879e-022 -21.558 -21.726 -0.168
Fe2(OH)2+4 1.389e-023 1.571e-029 -22.857 -28.804 -5.947
FeHSeO3+2 2.511e-024 8.189e-026 -23.600 -25.087 -1.487
FeCl3 1.402e-024 1.402e-024 -23.853 -23.853 0.000
FeH2PO4+2 1.625e-025 3.704e-026 -24.789 -25.431 -0.642
Fe3(OH)4+5 1.478e-027 7.553e-037 -26.830 -36.122 -9.292

H(0) 2.310e-029
H2 1.155e-029 1.313e-029 -28.938 -28.882 0.056

K 4.586e-003
K+ 3.860e-003 2.865e-003 -2.413 -2.543 -0.129
KSO4- 7.260e-004 5.017e-004 -3.139 -3.300 -0.161
KHPO4- 1.235e-008 8.532e-009 -7.908 -8.069 -0.161

Mg 6.859e-003
MgSO4 3.859e-003 3.859e-003 -2.414 -2.414 0.000
Mg+2 2.929e-003 8.891e-004 -2.533 -3.051 -0.518
MgCO3 3.344e-005 3.344e-005 -4.476 -4.476 0.000
MgHCO3+ 2.762e-005 1.791e-005 -4.559 -4.747 -0.188
MgF+ 8.084e-006 5.374e-006 -5.092 -5.270 -0.177
MgOH+ 9.135e-007 6.559e-007 -6.039 -6.183 -0.144
MgHPO4 2.348e-007 2.348e-007 -6.629 -6.629 0.000
MgPO4- 5.781e-009 3.995e-009 -8.238 -8.398 -0.161
MgH2PO4+ 5.346e-010 3.694e-010 -9.272 -9.433 -0.161

Mn(2) 1.346e-005
Mn+2 1.184e-005 3.861e-007 -4.927 -6.413 -1.487
MnSO4 1.539e-006 1.539e-006 -5.813 -5.813 0.000
MnCl+ 5.336e-008 3.627e-008 -7.273 -7.440 -0.168
MnHCO3+ 2.230e-008 1.516e-008 -7.652 -7.819 -0.168
MnCl2 3.823e-009 3.823e-009 -8.418 -8.418 0.000
MnOH+ 3.416e-009 2.323e-009 -8.466 -8.634 -0.168
MnF+ 1.271e-009 8.643e-010 -8.896 -9.063 -0.168
MnCl3- 1.156e-010 7.858e-011 -9.937 -10.105 -0.168
MnSeO4 5.380e-015 5.380e-015 -14.269 -14.269 0.000
Mn(OH)3- 4.335e-015 2.947e-015 -14.363 -14.531 -0.168
Mn(OH)4-2 3.515e-019 7.509e-020 -18.454 -19.124 -0.670
MnSe 0.000e+000 0.000e+000 -42.096 -42.096 0.000

Mn(3) 2.520e-028
Mn+3 2.520e-028 1.723e-029 -27.599 -28.764 -1.165

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -43.587 -44.258 -0.670

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -50.451 -50.665 -0.215

Mo 1.853e-005
MoO4-2 1.853e-005 5.623e-006 -4.732 -5.250 -0.518
HMoO4- 2.162e-010 9.187e-011 -9.665 -10.037 -0.372
H2MoO4 2.264e-015 2.264e-015 -14.645 -14.645 0.000
Mo7O24-6 3.622e-040 0.000e+000 -39.441 -52.821 -13.380
AlMo6O21-3 0.000e+000 0.000e+000 -42.998 -46.343 -3.345
HMo7O24-5 0.000e+000 0.000e+000 -46.135 -55.427 -9.292
H2Mo7O24-4 0.000e+000 0.000e+000 -53.626 -59.573 -5.947
H3Mo7O24-3 0.000e+000 0.000e+000 -61.863 -65.208 -3.345

Na 4.483e-001
Na+ 3.880e-001 2.880e-001 -0.411 -0.541 -0.129
NaSO4- 5.915e-002 4.087e-002 -1.228 -1.389 -0.161
NaCO3- 7.005e-004 4.841e-004 -3.155 -3.315 -0.161
NaHCO3 4.655e-004 4.655e-004 -3.332 -3.332 0.000
NaF 1.000e-005 1.000e-005 -5.000 -5.000 0.000



85

NaHPO4- 1.922e-006 1.328e-006 -5.716 -5.877 -0.161
O(0) 2.369e-039

O2 1.185e-039 1.347e-039 -38.926 -38.871 0.056
P 1.349e-005

CaPO4- 5.995e-006 4.142e-006 -5.222 -5.383 -0.161
CaHPO4 2.757e-006 2.757e-006 -5.560 -5.560 0.000
HPO4-2 2.532e-006 5.409e-007 -5.597 -6.267 -0.670
NaHPO4- 1.922e-006 1.328e-006 -5.716 -5.877 -0.161
MgHPO4 2.348e-007 2.348e-007 -6.629 -6.629 0.000
H2PO4- 1.658e-008 1.145e-008 -7.780 -7.941 -0.161
KHPO4- 1.235e-008 8.532e-009 -7.908 -8.069 -0.161
SrHPO4 6.361e-009 6.361e-009 -8.196 -8.196 0.000
MgPO4- 5.781e-009 3.995e-009 -8.238 -8.398 -0.161
CaH2PO4+ 4.138e-009 2.859e-009 -8.383 -8.544 -0.161
PO4-3 1.923e-009 1.315e-010 -8.716 -9.881 -1.165
MgH2PO4+ 5.346e-010 3.694e-010 -9.272 -9.433 -0.161
SrH2PO4+ 6.373e-012 2.708e-012 -11.196 -11.567 -0.372
H3PO4 1.713e-015 1.713e-015 -14.766 -14.766 0.000
FeHPO4 1.048e-015 1.048e-015 -14.980 -14.980 0.000
FeH2PO4+ 3.793e-018 2.621e-018 -17.421 -17.582 -0.161
FeHPO4+ 2.255e-018 1.558e-018 -17.647 -17.807 -0.161
FeH2PO4+2 1.625e-025 3.704e-026 -24.789 -25.431 -0.642

S(6) 2.295e-001
SO4-2 8.895e-002 2.700e-002 -1.051 -1.569 -0.518
CaSO4 7.658e-002 7.658e-002 -1.116 -1.116 0.000
NaSO4- 5.915e-002 4.087e-002 -1.228 -1.389 -0.161
MgSO4 3.859e-003 3.859e-003 -2.414 -2.414 0.000
KSO4- 7.260e-004 5.017e-004 -3.139 -3.300 -0.161
SrSO4 2.338e-004 2.338e-004 -3.631 -3.631 0.000
MnSO4 1.539e-006 1.539e-006 -5.813 -5.813 0.000
HSO4- 3.122e-009 2.076e-009 -8.506 -8.683 -0.177
FeSO4 3.747e-012 3.747e-012 -11.426 -11.426 0.000
AlSO4+ 6.112e-015 4.063e-015 -14.214 -14.391 -0.177
Al(SO4)2- 2.494e-015 1.658e-015 -14.603 -14.780 -0.177
Fe(SO4)2- 6.830e-020 2.902e-020 -19.166 -19.537 -0.372
FeSO4+ 6.534e-020 4.442e-020 -19.185 -19.352 -0.168

Se(-2) 1.493e-039
HSe- 1.493e-039 6.344e-040 -38.826 -39.198 -0.372
MnSe 0.000e+000 0.000e+000 -42.096 -42.096 0.000
H2Se 0.000e+000 0.000e+000 -44.238 -44.238 0.000
Se-2 0.000e+000 0.000e+000 -44.258 -45.744 -1.487

Se(4) 1.891e-005
SeO3-2 1.841e-005 6.004e-007 -4.735 -6.222 -1.487
HSeO3- 4.974e-007 2.114e-007 -6.303 -6.675 -0.372
H2SeO3 9.942e-014 9.942e-014 -13.003 -13.003 0.000
FeHSeO3+2 2.511e-024 8.189e-026 -23.600 -25.087 -1.487

Se(6) 2.300e-010
SeO4-2 2.300e-010 6.982e-011 -9.638 -10.156 -0.518
MnSeO4 5.380e-015 5.380e-015 -14.269 -14.269 0.000
HSeO4- 6.341e-018 2.695e-018 -17.198 -17.570 -0.372

Si 5.679e-004
H4SiO4 5.020e-004 5.708e-004 -3.299 -3.244 0.056
H3SiO4- 6.593e-005 4.274e-005 -4.181 -4.369 -0.188
H2SiO4-2 3.913e-009 8.920e-010 -8.408 -9.050 -0.642
SiF6-2 5.932e-033 1.267e-033 -32.227 -32.897 -0.670

Sr 4.063e-004
SrSO4 2.338e-004 2.338e-004 -3.631 -3.631 0.000
Sr+2 1.697e-004 5.150e-005 -3.770 -4.288 -0.518
SrHCO3+ 1.486e-006 1.049e-006 -5.828 -5.979 -0.151
SrCO3 1.267e-006 1.267e-006 -5.897 -5.897 0.000
SrF+ 2.163e-008 9.191e-009 -7.665 -8.037 -0.372
SrHPO4 6.361e-009 6.361e-009 -8.196 -8.196 0.000
SrOH+ 1.077e-009 7.323e-010 -8.968 -9.135 -0.168
SrH2PO4+ 6.373e-012 2.708e-012 -11.196 -11.567 -0.372

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -1.60 10.23 11.83 Al(OH)3
Al2(MoO4)3 -53.44 -48.66 4.79 Al2(MoO4)3
Al2O3 -1.57 20.48 22.05 Al2O3
Al4(OH)10SO4 -1.14 21.56 22.70 Al4(OH)10SO4
AlAsO4:2H2O -9.33 -4.53 4.80 AlAsO4:2H2O
AlOHSO4 -5.90 -9.13 -3.23 AlOHSO4
Alunite -2.22 -1.67 0.55 KAl3(SO4)2(OH)6
Anhydrite 0.88 -3.41 -4.29 CaSO4
Aragonite 2.11 -6.07 -8.19 CaCO3
Arsenolite -78.64 -81.95 -3.32 As4O6
Artinite -3.28 7.44 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -36.43 -29.52 6.92 As2O5
Ba(OH)2:8H2O -14.64 10.26 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 10.43 1.42 -9.01 Ba3(AsO4)2
BaF2 -9.92 -15.78 -5.86 BaF2
BaHPO4 -6.49 -26.26 -19.77 BaHPO4
BaMoO4 -5.67 -12.73 -7.06 BaMoO4
Barite 1.14 -9.05 -10.19 BaSO4
BaSeO3 -6.98 -5.26 1.72 BaSeO3
BaSeO4 -9.97 -17.64 -7.66 BaSeO4
Birnessite -7.27 10.82 18.09 MnO2
Bixbyite -4.66 -4.14 0.51 Mn2O3
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Boehmite 0.57 10.24 9.67 AlOOH
Brucite -3.16 14.74 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -3.98 18.32 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) 4.14 -25.29 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O 1.15 -45.93 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.06 -20.62 -19.56 CaHPO4
CaHPO4:2H2O -1.43 -20.63 -19.21 CaHPO4:2H2O
Calcite 2.33 -6.07 -8.41 CaCO3
CaMoO4 0.84 -7.09 -7.93 CaMoO4
CaSeO3:2H2O -2.62 0.37 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.07 -12.01 -2.94 CaSeO4:2H2O
Celestite 0.78 -5.86 -6.64 SrSO4
CH4(g) -81.78 -125.22 -43.43 CH4
Chalcedony 0.50 -3.23 -3.73 SiO2
Chrysotile 3.74 37.75 34.02 Mg3Si2O5(OH)4
Claudetite -78.37 -81.95 -3.58 As4O6
CO2(g) -3.84 -22.03 -18.18 CO2
Cristobalite 0.30 -3.23 -3.54 SiO2
Cryolite -8.77 -42.96 -34.19 Na3AlF6
Diaspore 2.41 10.24 7.83 AlOOH
Dolomite(disordered) 2.75 -13.36 -16.11 CaMg(CO3)2
Dolomite(ordered) 3.36 -13.36 -16.72 CaMg(CO3)2
Epsomite -2.43 -4.66 -2.23 MgSO4:7H2O
FCO3Apatite 35.35 -80.58 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -7.95 5.61 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 5.11 2.07 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -6.96 -5.40 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -15.91 -36.54 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -46.42 -47.91 -1.49 Fe2(SO4)3
Fe3(OH)8 -4.45 15.78 20.22 Fe3(OH)8
FeAsO4:2H2O -10.08 -9.68 0.40 FeAsO4:2H2O
FeMoO4 -7.44 -17.42 -9.99 FeMoO4
Ferrihydrite 1.21 5.08 3.87 Fe(OH)3
Ferroselite -45.73 -64.77 -19.03 FeSe2
FeSe -31.45 -42.47 -11.02 FeSe
Fluorite 0.44 -10.14 -10.57 CaF2
Gibbsite 1.05 10.23 9.18 Al(OH)3
Goethite 4.03 5.09 1.05 FeOOH
Greenalite -10.42 10.39 20.81 Fe3Si2O5(OH)4
Gypsum 1.20 -3.42 -4.62 CaSO4:2H2O
H-Jarosite -13.52 -23.48 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -9.72 -23.05 -13.33 H2MoO4
H2Se(g) -43.28 -48.10 -4.82 H2Se
Halite -3.24 -1.67 1.57 NaCl
Halloysite 2.74 14.00 11.26 Al2Si2O5(OH)4
Hausmannite -5.00 59.94 64.94 Mn3O4
Hematite 10.40 10.18 -0.22 Fe2O3
Hercynite 0.29 26.10 25.81 FeAl2O4
Huntite 1.04 -27.93 -28.97 CaMg3(CO3)4
Hydromagnesite -7.68 -14.42 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 14.38 -29.96 -44.33 Ca5(PO4)3OH
K-Alum -16.75 -22.20 -5.45 KAl(SO4)2:12H2O
K-Jarosite -3.53 -17.12 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -13.63 -10.34 3.29 K2MoO4
K2SeO4 -14.51 -15.24 -0.73 K2SeO4
Kaolinite 5.19 14.00 8.81 Al2Si2O5(OH)4
Lepidocrocite 3.72 5.09 1.37 FeOOH
Lime -18.55 15.95 34.50 CaO
Maghemite 3.79 10.18 6.39 Fe2O3
Magnesioferrite 5.47 24.92 19.45 Fe2MgO4
Magnesite 0.36 -7.28 -7.65 MgCO3
Magnetite 10.46 15.80 5.34 Fe3O4
Manganite -1.06 24.28 25.34 MnOOH
Melanterite -11.38 -13.78 -2.40 FeSO4:7H2O
Mg(OH)2(active) -4.06 14.74 18.79 Mg(OH)2
Mg3(PO4)2 -5.64 -28.92 -23.28 Mg3(PO4)2
MgF2 -3.29 -11.35 -8.06 MgF2
MgHPO4:3H2O -3.67 -21.85 -18.18 MgHPO4:3H2O
MgMoO4 -6.45 -8.30 -1.85 MgMoO4
MgSeO3:6H2O -3.87 -0.86 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.04 -13.24 -1.20 MgSeO4:6H2O
Mirabilite -0.86 -2.71 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -58.04 -62.23 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -7.92 4.58 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -15.09 -39.00 -23.91 Mn3(PO4)2
MnCl2:4H2O -11.51 -8.69 2.82 MnCl2:4H2O
MnHPO4 0.21 -25.19 -25.40 MnHPO4
MnSe -41.12 -36.71 4.41 MnSe
MnSeO3 -5.32 -4.19 1.13 MnSeO3
MnSeO3:2H2O -5.10 -4.20 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.55 -16.60 -2.05 MnSeO4:5H2O
MnSO4 -11.17 -7.98 3.18 MnSO4
MoO3 -15.04 -23.04 -8.00 MoO3
Na-Jarosite -5.32 -15.12 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -12.26 -29.38 -17.12 Na2Mo2O7
Na2MoO4 -7.91 -6.33 1.58 Na2MoO4
Na2MoO4:2H2O -7.57 -6.34 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -9.19 1.11 10.30 Na2SeO3:5H2O
Na2SeO4 -12.52 -11.24 1.28 Na2SeO4
Natron -3.45 -5.37 -1.92 Na2CO3:10H2O
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Nesquehonite -2.86 -7.30 -4.45 MgCO3:3H2O
Nsutite -6.68 10.82 17.50 MnO2
O2(g) -36.81 51.59 88.39 O2
Periclase -8.24 14.74 22.99 MgO
Portlandite -8.05 15.95 24.00 Ca(OH)2
Pyrochroite -4.72 11.38 16.09 Mn(OH)2
Pyrolusite -6.73 37.18 43.90 MnO2
Quartz 0.98 -3.23 -4.21 SiO2
Rhodochrosite -0.08 -10.65 -10.56 MnCO3
Semetal(am) -15.09 -22.30 -7.21 Se
Semetal(hex -14.44 -22.30 -7.86 Se
SeO2 -15.68 -15.57 0.11 SeO2
SeO3 -50.35 -27.95 22.40 SeO3
Sepiolite 2.95 19.77 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) 0.99 19.77 18.78 Mg2Si3O7.5OH:3H2O
Siderite -6.32 -16.41 -10.09 FeCO3
SiO2(am-gel) -0.39 -3.23 -2.84 SiO2
SiO2(am-ppt) -0.35 -3.23 -2.88 SiO2
Spinel -5.23 35.22 40.45 MgAl2O4
SrF2 -3.97 -12.58 -8.62 SrF2
SrHPO4 -3.77 -23.07 -19.30 SrHPO4
SrSeO3 -4.36 -2.06 2.30 SrSeO3
SrSeO4 -10.04 -14.44 -4.40 SrSeO4
Strengite -5.18 -31.49 -26.31 FePO4:2H2O
Strontianite 0.75 -8.52 -9.27 SrCO3
Thenardite -3.06 -2.65 0.41 Na2SO4
Thermonatrite -6.05 -5.32 0.73 Na2CO3:H2O
Vivianite -20.33 -56.33 -36.00 Fe3(PO4)2:8H2O
Witherite -3.11 -11.72 -8.61 BaCO3

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 2014 End of Season, Assume Discharge 20 MG
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Barite 0.00 -10.19 -10.19 0.000e+000 9.856e-008 9.856e-008
Ca3(PO4)2(beta) -0.56 -29.98 -29.42 0.000e+000 0 0.000e+000
Calcite 0.00 -8.41 -8.41 0.000e+000 2.175e-003 2.175e-003
Celestite 0.00 -6.64 -6.64 0.000e+000 3.277e-004 3.277e-004
Ferrihydrite 0.00 3.87 3.87 0.000e+000 3.253e-008 3.253e-008
Fluorite -0.31 -10.89 -10.57 0.000e+000 0 0.000e+000
Gibbsite 0.00 9.18 9.18 0.000e+000 1.035e-005 1.035e-005
Gypsum 0.25 -4.37 -4.62 1.000e+001 1.011e+001 1.072e-001
Quartz 0.00 -4.21 -4.21 0.000e+000 5.130e-004 5.130e-004
SiO2(am-gel) -1.37 -4.21 -2.84 0.000e+000 0 0.000e+000
SiO2(am-ppt) -1.33 -4.21 -2.88 0.000e+000 0 0.000e+000
SrF2 -4.55 -13.17 -8.62 0.000e+000 0 0.000e+000
Strontianite -1.41 -10.68 -9.27 0.000e+000 0 0.000e+000

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 6.365e-008 6.341e-008
As 2.583e-005 2.573e-005
Ba 1.119e-008 1.115e-008
C 3.851e-003 3.837e-003
Ca 1.628e-002 1.622e-002
Cl 1.009e-001 1.005e-001
F 1.266e-004 1.261e-004
Fe 1.211e-008 1.206e-008
K 4.604e-003 4.586e-003
Mg 6.885e-003 6.859e-003
Mn 1.352e-005 1.346e-005
Mo 1.860e-005 1.853e-005
Na 4.501e-001 4.483e-001
P 1.354e-005 1.349e-005
S 1.225e-001 1.220e-001
Se 1.898e-005 1.891e-005
Si 5.509e-005 5.487e-005
Sr 7.895e-005 7.865e-005

----------------------------Description of solution----------------------------

pH = 7.385 Charge balance
pe = 5.763 Adjusted to redox

equilibrium
Activity of water = 0.989

Ionic strength = 4.346e-001
Mass of water (kg) = 9.962e-001

Total alkalinity (eq/kg) = 3.693e-003
Total CO2 (mol/kg) = 3.851e-003
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Temperature (deg C) = 10.000
Electrical balance (eq) = 1.508e-001

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 21.21
Iterations = 65

Total H = 1.105914e+002
Total O = 5.579361e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.129e-007 7.335e-008 -6.947 -7.135 -0.187
H+ 5.593e-008 4.120e-008 -7.252 -7.385 -0.133
H2O 5.551e+001 9.890e-001 1.744 -0.005 0.000

Al 6.365e-008
Al(OH)4- 2.677e-008 1.823e-008 -7.572 -7.739 -0.167
Al(OH)3 2.428e-008 2.428e-008 -7.615 -7.615 0.000
Al(OH)2+ 7.142e-009 5.035e-009 -8.146 -8.298 -0.152
AlF2+ 2.983e-009 2.103e-009 -8.525 -8.677 -0.152
AlF3 2.001e-009 2.001e-009 -8.699 -8.699 0.000
AlF+2 3.034e-010 7.497e-011 -9.518 -10.125 -0.607
AlF4- 1.123e-010 7.648e-011 -9.950 -10.116 -0.167
AlOH+2 3.821e-011 9.440e-012 -10.418 -11.025 -0.607
AlSO4+ 1.328e-011 9.049e-012 -10.877 -11.043 -0.167
Al(SO4)2- 3.925e-012 2.674e-012 -11.406 -11.573 -0.167
Al+3 1.701e-012 1.085e-013 -11.769 -12.965 -1.195
AlMo6O21-3 1.293e-031 1.445e-034 -30.888 -33.840 -2.952

As(3) 1.782e-018
H3AsO3 1.756e-018 1.756e-018 -17.756 -17.756 0.000
H2AsO3- 2.590e-020 1.217e-020 -19.587 -19.915 -0.328
HAsO3-2 2.788e-024 1.360e-025 -23.555 -24.867 -1.312
H4AsO3+ 7.626e-026 3.584e-026 -25.118 -25.446 -0.328
AsO3-3 6.629e-029 7.407e-032 -28.179 -31.130 -2.952

As(5) 2.583e-005
HAsO4-2 2.474e-005 1.206e-006 -4.607 -5.919 -1.312
H2AsO4- 1.028e-006 4.832e-007 -5.988 -6.316 -0.328
AsO4-3 5.763e-008 6.439e-011 -7.239 -10.191 -2.952
H3AsO4 2.689e-012 2.972e-012 -11.570 -11.527 0.043

Ba 1.119e-008
Ba+2 1.113e-008 3.276e-009 -7.953 -8.485 -0.531
BaHCO3+ 5.383e-011 3.871e-011 -10.269 -10.412 -0.143
BaCO3 2.099e-012 2.099e-012 -11.678 -11.678 0.000
BaOH+ 1.357e-015 9.427e-016 -14.868 -15.026 -0.158

C(4) 3.851e-003
HCO3- 2.993e-003 2.110e-003 -2.524 -2.676 -0.152
NaHCO3 4.759e-004 4.759e-004 -3.323 -3.323 0.000
H2CO3 2.378e-004 2.378e-004 -3.624 -3.624 0.000
CaHCO3+ 7.966e-005 5.728e-005 -4.099 -4.242 -0.143
MgHCO3+ 3.113e-005 2.074e-005 -4.507 -4.683 -0.176
NaCO3- 2.145e-005 1.512e-005 -4.669 -4.820 -0.152
CO3-2 5.974e-006 1.758e-006 -5.224 -5.755 -0.531
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
MgCO3 1.184e-006 1.184e-006 -5.927 -5.927 0.000
SrHCO3+ 3.280e-007 2.359e-007 -6.484 -6.627 -0.143
MnHCO3+ 3.187e-008 2.214e-008 -7.497 -7.655 -0.158
SrCO3 8.704e-009 8.704e-009 -8.060 -8.060 0.000
BaHCO3+ 5.383e-011 3.871e-011 -10.269 -10.412 -0.143
BaCO3 2.099e-012 2.099e-012 -11.678 -11.678 0.000
FeHCO3+ 6.729e-013 4.839e-013 -12.172 -12.315 -0.143

Ca 1.628e-002
CaSO4 8.599e-003 8.599e-003 -2.066 -2.066 0.000
Ca+2 7.594e-003 2.235e-003 -2.120 -2.651 -0.531
CaHCO3+ 7.966e-005 5.728e-005 -4.099 -4.242 -0.143
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CaF+ 1.984e-006 1.379e-006 -5.702 -5.860 -0.158
CaHPO4 1.035e-006 1.035e-006 -5.985 -5.985 0.000
CaPO4- 6.739e-008 4.751e-008 -7.171 -7.323 -0.152
CaH2PO4+ 4.981e-008 3.512e-008 -7.303 -7.454 -0.152
CaOH+ 3.809e-009 2.739e-009 -8.419 -8.562 -0.143

Cl 1.009e-001
Cl- 1.009e-001 7.433e-002 -0.996 -1.129 -0.133
MnCl+ 7.713e-008 5.360e-008 -7.113 -7.271 -0.158
MnCl2 5.628e-009 5.628e-009 -8.250 -8.250 0.000
MnCl3- 1.658e-010 1.152e-010 -9.780 -9.938 -0.158
FeCl+2 3.170e-018 7.390e-019 -17.499 -18.131 -0.632
FeCl2+ 5.773e-019 4.011e-019 -18.239 -18.397 -0.158
FeCl3 2.982e-021 2.982e-021 -20.526 -20.526 0.000

F 1.266e-004
F- 1.035e-004 7.625e-005 -3.985 -4.118 -0.133
NaF 1.113e-005 1.113e-005 -4.953 -4.953 0.000
MgF+ 9.951e-006 6.779e-006 -5.002 -5.169 -0.167
CaF+ 1.984e-006 1.379e-006 -5.702 -5.860 -0.158
SrF+ 4.787e-009 2.249e-009 -8.320 -8.648 -0.328
HF 3.497e-009 3.497e-009 -8.456 -8.456 0.000
AlF2+ 2.983e-009 2.103e-009 -8.525 -8.677 -0.152
AlF3 2.001e-009 2.001e-009 -8.699 -8.699 0.000
MnF+ 1.978e-009 1.374e-009 -8.704 -8.862 -0.158
AlF+2 3.034e-010 7.497e-011 -9.518 -10.125 -0.607
AlF4- 1.123e-010 7.648e-011 -9.950 -10.116 -0.167
HF2- 1.429e-012 9.287e-013 -11.845 -12.032 -0.187
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FeF+2 1.559e-016 3.634e-017 -15.807 -16.440 -0.632
FeF2+ 9.189e-017 6.385e-017 -16.037 -16.195 -0.158
H2F2 5.783e-017 5.783e-017 -16.238 -16.238 0.000
FeF3 5.316e-018 5.316e-018 -17.274 -17.274 0.000
SiF6-2 9.964e-028 2.323e-028 -27.002 -27.634 -0.632

Fe(2) 6.117e-010
Fe+2 5.102e-010 2.488e-011 -9.292 -10.604 -1.312
FeSO4 1.006e-010 1.006e-010 -9.997 -9.997 0.000
FeHCO3+ 6.729e-013 4.839e-013 -12.172 -12.315 -0.143
FeOH+ 1.045e-013 7.265e-014 -12.981 -13.139 -0.158
FeHPO4 9.411e-014 9.411e-014 -13.026 -13.026 0.000
FeH2PO4+ 1.092e-014 7.700e-015 -13.962 -14.114 -0.152
Fe(OH)2 3.567e-018 3.567e-018 -17.448 -17.448 0.000
Fe(OH)3- 3.393e-019 2.358e-019 -18.469 -18.628 -0.158
Fe(HS)2 0.000e+000 0.000e+000 -161.744 -161.744 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -239.424 -239.752 -0.328

Fe(3) 1.149e-008
Fe(OH)2+ 1.121e-008 7.900e-009 -7.951 -8.102 -0.152
Fe(OH)3 2.232e-010 2.232e-010 -9.651 -9.651 0.000
Fe(OH)4- 6.548e-011 4.616e-011 -10.184 -10.336 -0.152
FeOH+2 1.474e-013 3.438e-014 -12.831 -13.464 -0.632
FeHPO4+ 1.151e-014 8.113e-015 -13.939 -14.091 -0.152
FeF+2 1.559e-016 3.634e-017 -15.807 -16.440 -0.632
FeSO4+ 9.958e-017 6.920e-017 -16.002 -16.160 -0.158
FeF2+ 9.189e-017 6.385e-017 -16.037 -16.195 -0.158
Fe(SO4)2- 6.967e-017 3.274e-017 -16.157 -16.485 -0.328
Fe+3 8.438e-018 5.382e-019 -17.074 -18.269 -1.195
FeF3 5.316e-018 5.316e-018 -17.274 -17.274 0.000
FeCl+2 3.170e-018 7.390e-019 -17.499 -18.131 -0.632
FeCl2+ 5.773e-019 4.011e-019 -18.239 -18.397 -0.158
FeHSeO3+2 8.302e-020 4.048e-021 -19.081 -20.393 -1.312
FeH2PO4+2 2.554e-020 6.311e-021 -19.593 -20.200 -0.607
Fe2(OH)2+4 1.206e-020 6.821e-026 -19.918 -25.166 -5.248
FeCl3 2.982e-021 2.982e-021 -20.526 -20.526 0.000
Fe3(OH)4+5 1.048e-024 6.618e-033 -23.980 -32.179 -8.200

H(0) 7.564e-030
H2 3.782e-030 4.180e-030 -29.422 -29.379 0.043

K 4.604e-003
K+ 4.065e-003 2.994e-003 -2.391 -2.524 -0.133
KSO4- 5.385e-004 3.796e-004 -3.269 -3.421 -0.152
KHPO4- 3.061e-008 2.158e-008 -7.514 -7.666 -0.152

Mg 6.885e-003
Mg+2 3.555e-003 1.046e-003 -2.449 -2.980 -0.531
MgSO4 3.287e-003 3.287e-003 -2.483 -2.483 0.000
MgHCO3+ 3.113e-005 2.074e-005 -4.507 -4.683 -0.176
MgF+ 9.951e-006 6.779e-006 -5.002 -5.169 -0.167
MgCO3 1.184e-006 1.184e-006 -5.927 -5.927 0.000
MgHPO4 6.686e-007 6.686e-007 -6.175 -6.175 0.000
MgH2PO4+ 4.882e-008 3.442e-008 -7.311 -7.463 -0.152
MgOH+ 3.239e-008 2.364e-008 -7.490 -7.626 -0.137
MgPO4- 4.931e-010 3.476e-010 -9.307 -9.459 -0.152

Mn(2) 1.352e-005
Mn+2 1.175e-005 5.728e-007 -4.930 -6.242 -1.312
MnSO4 1.653e-006 1.653e-006 -5.782 -5.782 0.000
MnCl+ 7.713e-008 5.360e-008 -7.113 -7.271 -0.158
MnHCO3+ 3.187e-008 2.214e-008 -7.497 -7.655 -0.158
MnCl2 5.628e-009 5.628e-009 -8.250 -8.250 0.000
MnF+ 1.978e-009 1.374e-009 -8.704 -8.862 -0.158
MnCl3- 1.658e-010 1.152e-010 -9.780 -9.938 -0.158
MnOH+ 1.519e-010 1.055e-010 -9.819 -9.977 -0.158
MnSeO4 1.764e-014 1.764e-014 -13.753 -13.753 0.000
Mn(OH)3- 1.807e-019 1.256e-019 -18.743 -18.901 -0.158
Mn(OH)4-2 4.204e-025 9.802e-026 -24.376 -25.009 -0.632
MnSe 0.000e+000 0.000e+000 -43.572 -43.572 0.000

Mn(3) 2.324e-026
Mn+3 2.324e-026 1.482e-027 -25.634 -26.829 -1.195

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -48.515 -49.148 -0.632

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -53.593 -53.792 -0.199

Mo 1.860e-005
MoO4-2 1.859e-005 5.471e-006 -4.731 -5.262 -0.531
HMoO4- 6.224e-009 2.925e-009 -8.206 -8.534 -0.328
H2MoO4 2.359e-012 2.359e-012 -11.627 -11.627 0.000
Mo7O24-6 1.042e-029 0.000e+000 -28.982 -40.789 -11.807
AlMo6O21-3 1.293e-031 1.445e-034 -30.888 -33.840 -2.952
HMo7O24-5 2.084e-034 0.000e+000 -33.681 -41.881 -8.200
H2Mo7O24-4 5.449e-040 0.000e+000 -39.264 -44.511 -5.248
H3Mo7O24-3 0.000e+000 0.000e+000 -45.680 -48.632 -2.952

Na 4.501e-001
Na+ 4.060e-001 2.990e-001 -0.392 -0.524 -0.133
NaSO4- 4.359e-002 3.073e-002 -1.361 -1.512 -0.152
NaHCO3 4.759e-004 4.759e-004 -3.323 -3.323 0.000
NaCO3- 2.145e-005 1.512e-005 -4.669 -4.820 -0.152
NaF 1.113e-005 1.113e-005 -4.953 -4.953 0.000
NaHPO4- 4.734e-006 3.338e-006 -5.325 -5.477 -0.152

O(0) 2.416e-038
O2 1.208e-038 1.335e-038 -37.918 -37.874 0.043

P 1.354e-005
HPO4-2 5.615e-006 1.309e-006 -5.251 -5.883 -0.632
NaHPO4- 4.734e-006 3.338e-006 -5.325 -5.477 -0.152
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H2PO4- 1.287e-006 9.072e-007 -5.891 -6.042 -0.152
CaHPO4 1.035e-006 1.035e-006 -5.985 -5.985 0.000
MgHPO4 6.686e-007 6.686e-007 -6.175 -6.175 0.000
CaPO4- 6.739e-008 4.751e-008 -7.171 -7.323 -0.152
CaH2PO4+ 4.981e-008 3.512e-008 -7.303 -7.454 -0.152
MgH2PO4+ 4.882e-008 3.442e-008 -7.311 -7.463 -0.152
KHPO4- 3.061e-008 2.158e-008 -7.514 -7.666 -0.152
SrHPO4 3.515e-009 3.515e-009 -8.454 -8.454 0.000
MgPO4- 4.931e-010 3.476e-010 -9.307 -9.459 -0.152
PO4-3 1.525e-010 9.726e-012 -9.817 -11.012 -1.195
SrH2PO4+ 1.042e-010 4.896e-011 -9.982 -10.310 -0.328
H3PO4 4.438e-012 4.438e-012 -11.353 -11.353 0.000
FeHPO4 9.411e-014 9.411e-014 -13.026 -13.026 0.000
FeHPO4+ 1.151e-014 8.113e-015 -13.939 -14.091 -0.152
FeH2PO4+ 1.092e-014 7.700e-015 -13.962 -14.114 -0.152
FeH2PO4+2 2.554e-020 6.311e-021 -19.593 -20.200 -0.607

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -79.717 -80.045 -0.328
H2S 0.000e+000 0.000e+000 -80.206 -80.206 0.000
S5-2 0.000e+000 0.000e+000 -81.062 -82.374 -1.312
S6-2 0.000e+000 0.000e+000 -81.229 -82.541 -1.312
S4-2 0.000e+000 0.000e+000 -81.673 -82.985 -1.312
S3-2 0.000e+000 0.000e+000 -82.506 -83.818 -1.312
S2-2 0.000e+000 0.000e+000 -83.561 -84.873 -1.312
S-2 0.000e+000 0.000e+000 -89.786 -90.418 -0.632
Fe(HS)2 0.000e+000 0.000e+000 -161.744 -161.744 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -239.424 -239.752 -0.328

S(6) 1.225e-001
SO4-2 6.643e-002 1.955e-002 -1.178 -1.709 -0.531
NaSO4- 4.359e-002 3.073e-002 -1.361 -1.512 -0.152
CaSO4 8.599e-003 8.599e-003 -2.066 -2.066 0.000
MgSO4 3.287e-003 3.287e-003 -2.483 -2.483 0.000
KSO4- 5.385e-004 3.796e-004 -3.269 -3.421 -0.152
SrSO4 3.865e-005 3.865e-005 -4.413 -4.413 0.000
MnSO4 1.653e-006 1.653e-006 -5.782 -5.782 0.000
HSO4- 7.220e-008 4.918e-008 -7.141 -7.308 -0.167
FeSO4 1.006e-010 1.006e-010 -9.997 -9.997 0.000
AlSO4+ 1.328e-011 9.049e-012 -10.877 -11.043 -0.167
Al(SO4)2- 3.925e-012 2.674e-012 -11.406 -11.573 -0.167
FeSO4+ 9.958e-017 6.920e-017 -16.002 -16.160 -0.158
Fe(SO4)2- 6.967e-017 3.274e-017 -16.157 -16.485 -0.328

Se(-2) 9.942e-040
HSe- 9.942e-040 4.672e-040 -39.003 -39.331 -0.328
H2Se 0.000e+000 0.000e+000 -42.856 -42.856 0.000
MnSe 0.000e+000 0.000e+000 -43.572 -43.572 0.000
Se-2 0.000e+000 0.000e+000 -46.080 -47.392 -1.312

Se(4) 1.898e-005
HSeO3- 1.033e-005 4.856e-006 -4.986 -5.314 -0.328
SeO3-2 8.646e-006 4.216e-007 -5.063 -6.375 -1.312
H2SeO3 7.475e-011 7.475e-011 -10.126 -10.126 0.000
FeHSeO3+2 8.302e-020 4.048e-021 -19.081 -20.393 -1.312

Se(6) 5.245e-010
SeO4-2 5.245e-010 1.543e-010 -9.280 -9.812 -0.531
MnSeO4 1.764e-014 1.764e-014 -13.753 -13.753 0.000
HSeO4- 4.148e-016 1.949e-016 -15.382 -15.710 -0.328

Si 5.509e-005
H4SiO4 5.488e-005 6.065e-005 -4.261 -4.217 0.043
H3SiO4- 2.083e-007 1.388e-007 -6.681 -6.858 -0.176
H2SiO4-2 3.583e-013 8.852e-014 -12.446 -13.053 -0.607
SiF6-2 9.964e-028 2.323e-028 -27.002 -27.634 -0.632

Sr 7.895e-005
Sr+2 3.995e-005 1.176e-005 -4.398 -4.930 -0.531
SrSO4 3.865e-005 3.865e-005 -4.413 -4.413 0.000
SrHCO3+ 3.280e-007 2.359e-007 -6.484 -6.627 -0.143
SrCO3 8.704e-009 8.704e-009 -8.060 -8.060 0.000
SrF+ 4.787e-009 2.249e-009 -8.320 -8.648 -0.328
SrHPO4 3.515e-009 3.515e-009 -8.454 -8.454 0.000
SrH2PO4+ 1.042e-010 4.896e-011 -9.982 -10.310 -0.328
SrOH+ 7.368e-012 5.120e-012 -11.133 -11.291 -0.158

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.65 9.18 11.83 Al(OH)3
Al2(MoO4)3 -46.50 -41.72 4.79 Al2(MoO4)3
Al2O3 -3.69 18.37 22.05 Al2O3
Al4(OH)10SO4 -2.46 20.24 22.70 Al4(OH)10SO4
AlAsO4:2H2O -7.15 -2.35 4.80 AlAsO4:2H2O
AlOHSO4 -4.06 -7.29 -3.23 AlOHSO4
Alunite -1.10 -0.55 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.07 -4.36 -4.29 CaSO4
Aragonite -0.22 -8.41 -8.19 CaCO3
Arsenolite -67.68 -70.99 -3.32 As4O6
Artinite -7.69 3.03 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -29.96 -23.04 6.92 As2O5
Ba(OH)2:8H2O -18.66 6.24 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 4.82 -4.20 -9.01 Ba3(AsO4)2
BaF2 -10.86 -16.72 -5.86 BaF2
BaHPO4 -7.11 -26.88 -19.77 BaHPO4
BaMoO4 -6.68 -13.75 -7.06 BaMoO4
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Barite 0.00 -10.19 -10.19 BaSO4
BaS -97.32 -81.14 16.18 BaS
BaSeO3 -8.13 -6.41 1.72 BaSeO3
BaSeO4 -10.63 -18.30 -7.66 BaSeO4
Birnessite -9.63 8.47 18.09 MnO2
Bixbyite -9.87 -9.36 0.51 Mn2O3
Boehmite -0.49 9.18 9.67 AlOOH
Brucite -6.12 11.78 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -9.01 13.29 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) -0.56 -29.98 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -3.96 -51.04 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.49 -21.05 -19.56 CaHPO4
CaHPO4:2H2O -1.85 -21.06 -19.21 CaHPO4:2H2O
Calcite 0.00 -8.41 -8.41 CaCO3
CaMoO4 0.02 -7.91 -7.93 CaMoO4
CaSeO3:2H2O -3.58 -0.59 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.53 -12.47 -2.94 CaSeO4:2H2O
Celestite 0.00 -6.64 -6.64 SrSO4
CH4(g) -82.27 -125.70 -43.43 CH4
Chalcedony -0.47 -4.21 -3.73 SiO2
Chrysotile -7.09 26.93 34.02 Mg3Si2O5(OH)4
Claudetite -67.41 -70.99 -3.58 As4O6
CO2(g) -2.34 -20.52 -18.18 CO2
Cristobalite -0.67 -4.21 -3.54 SiO2
Cryolite -5.05 -39.24 -34.19 Na3AlF6
Diaspore 1.35 9.18 7.83 AlOOH
Dolomite(disordered) -1.03 -17.14 -16.11 CaMg(CO3)2
Dolomite(ordered) -0.42 -17.14 -16.72 CaMg(CO3)2
Epsomite -2.49 -4.72 -2.23 MgSO4:7H2O
FCO3Apatite 20.64 -95.29 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -9.41 4.16 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 4.36 1.32 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -6.50 -4.95 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -9.71 -30.33 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -40.18 -41.66 -1.49 Fe2(SO4)3
Fe3(OH)8 -8.32 11.90 20.22 Fe3(OH)8
FeAsO4:2H2O -8.05 -7.65 0.40 FeAsO4:2H2O
FeMoO4 -5.88 -15.87 -9.99 FeMoO4
Ferrihydrite 0.00 3.87 3.87 Fe(OH)3
Ferroselite -43.93 -62.97 -19.03 FeSe2
FeS(ppt) -80.42 -83.26 -2.85 FeS
FeSe -31.53 -42.55 -11.02 FeSe
Fluorite -0.31 -10.89 -10.57 CaF2
Gibbsite 0.00 9.18 9.18 Al(OH)3
Goethite 2.82 3.88 1.05 FeOOH
Greenalite -16.75 4.06 20.81 Fe3Si2O5(OH)4
Greigite -292.75 -337.78 -45.03 Fe3S4
Gypsum 0.25 -4.37 -4.62 CaSO4:2H2O
H-Jarosite -11.37 -21.33 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -6.70 -20.03 -13.33 H2MoO4
H2S(g) -79.42 -87.43 -8.01 H2S
H2Se(g) -41.90 -46.72 -4.82 H2Se
Halite -3.22 -1.65 1.57 NaCl
Halloysite -1.32 9.94 11.26 Al2Si2O5(OH)4
Hausmannite -13.07 51.86 64.94 Mn3O4
Hematite 7.98 7.76 -0.22 Fe2O3
Hercynite -3.28 22.53 25.81 FeAl2O4
Huntite -5.64 -34.61 -28.97 CaMg3(CO3)4
Hydromagnesite -16.44 -23.18 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 5.42 -38.91 -44.33 Ca5(PO4)3OH
K-Alum -13.51 -18.96 -5.45 KAl(SO4)2:12H2O
K-Jarosite -2.88 -16.47 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -13.60 -10.31 3.29 K2MoO4
K2SeO4 -14.13 -14.86 -0.73 K2SeO4
Kaolinite 1.13 9.94 8.81 Al2Si2O5(OH)4
Lepidocrocite 2.51 3.88 1.37 FeOOH
Lime -22.38 12.11 34.50 CaO
Mackinawite -79.66 -83.26 -3.60 FeS
Maghemite 1.37 7.76 6.39 Fe2O3
Magnesioferrite 0.10 19.54 19.45 Fe2MgO4
Magnesite -1.09 -8.74 -7.65 MgCO3
Magnetite 6.58 11.92 5.34 Fe3O4
Manganite -3.67 21.67 25.34 MnOOH
Melanterite -9.95 -12.35 -2.40 FeSO4:7H2O
Mg(OH)2(active) -7.01 11.78 18.79 Mg(OH)2
Mg3(PO4)2 -7.69 -30.97 -23.28 Mg3(PO4)2
MgF2 -3.16 -11.22 -8.06 MgF2
MgHPO4:3H2O -3.22 -21.39 -18.18 MgHPO4:3H2O
MgMoO4 -6.39 -8.24 -1.85 MgMoO4
MgSeO3:6H2O -3.94 -0.94 3.01 MgSeO3:6H2O
MgSeO4:6H2O -11.62 -12.82 -1.20 MgSeO4:6H2O
Mirabilite -0.95 -2.81 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -54.59 -58.78 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -10.01 2.49 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -16.84 -40.75 -23.91 Mn3(PO4)2
MnCl2:4H2O -11.33 -8.52 2.82 MnCl2:4H2O
MnHPO4 0.76 -24.64 -25.40 MnHPO4
MnS(grn) -79.37 -78.90 0.47 MnS
MnS(pnk) -82.24 -78.90 3.34 MnS
MnSe -42.60 -38.19 4.41 MnSe
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MnSeO3 -5.30 -4.17 1.13 MnSeO3
MnSeO3:2H2O -5.08 -4.18 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.03 -16.08 -2.05 MnSeO4:5H2O
MnSO4 -11.14 -7.95 3.18 MnSO4
MoO3 -12.03 -20.03 -8.00 MoO3
MoS2 -147.30 -221.17 -73.87 MoS2
Na-Jarosite -4.67 -14.47 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -9.22 -26.34 -17.12 Na2Mo2O7
Na2MoO4 -7.89 -6.31 1.58 Na2MoO4
Na2MoO4:2H2O -7.54 -6.32 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -9.30 1.00 10.30 Na2SeO3:5H2O
Na2SeO4 -12.14 -10.86 1.28 Na2SeO4
Natron -4.93 -6.85 -1.92 Na2CO3:10H2O
Nesquehonite -4.30 -8.75 -4.45 MgCO3:3H2O
Nsutite -9.04 8.47 17.50 MnO2
O2(g) -35.81 52.58 88.39 O2
Orpiment -233.45 -297.77 -64.32 As2S3
Periclase -11.20 11.79 22.99 MgO
Portlandite -11.89 12.11 24.00 Ca(OH)2
Pyrite -125.43 -144.40 -18.97 FeS2
Pyrochroite -7.58 8.52 16.09 Mn(OH)2
Pyrolusite -9.09 34.82 43.90 MnO2
Quartz 0.00 -4.21 -4.21 SiO2
Realgar -97.39 -118.32 -20.93 AsS
Rhodochrosite -1.43 -12.00 -10.56 MnCO3
Semetal(am) -13.21 -20.42 -7.21 Se
Semetal(hex -12.56 -20.42 -7.86 Se
SeO2 -12.81 -12.69 0.11 SeO2
SeO3 -46.98 -24.58 22.40 SeO3
Sepiolite -5.89 10.93 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -7.85 10.93 18.78 Mg2Si3O7.5OH:3H2O
Siderite -6.27 -16.36 -10.09 FeCO3
SiO2(am-gel) -1.37 -4.21 -2.84 SiO2
SiO2(am-ppt) -1.33 -4.21 -2.88 SiO2
Spinel -10.30 30.15 40.45 MgAl2O4
SrF2 -4.55 -13.17 -8.62 SrF2
SrHPO4 -4.03 -23.33 -19.30 SrHPO4
SrSeO3 -5.16 -2.86 2.30 SrSeO3
SrSeO4 -10.34 -14.74 -4.40 SrSeO4
Strengite -2.98 -29.29 -26.31 FePO4:2H2O
Strontianite -1.41 -10.68 -9.27 SrCO3
Sulfur -59.14 -61.13 -1.99 S
Thenardite -3.16 -2.76 0.41 Na2SO4
Thermonatrite -7.54 -6.81 0.73 Na2CO3:H2O
Vivianite -17.88 -53.88 -36.00 Fe3(PO4)2:8H2O
Witherite -5.63 -14.24 -8.61 BaCO3

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------
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Appendix C – 8. Beal Mountain RO Water Treatment Facility PHREEQC Modeling Data –
Beginning of Treatment Season, 2015

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

Solution 1 - Beal Mtn 2015 Start of Season
pH 8.9
temp 10
Units mg/L
Alkalinity 51
As 0.1970
Cl 364.000
F 0.30
P 0.05
Se 0.15
Si 5.60
S(6) 2500.00
Al 0.03
Ba 0.02
Ca 633.00
Fe 1.05
Mg 17.00
Mn 0.08
Mo 0.18
K 18.00
Na 1053.00
Sr 3.80
EQUILIBRIUM_PHASES 1
Barite 0 0
Gypsum 0.15 10 #Assume ~141% saturation
Calcite 0 0
Celestite 0 0
Ca3(PO4)2(beta) 0 0
Ferrihydrite 0 0
Fluorite 0 0
Quartz 0 0
SiO2(am-gel) 0 0
SiO2(am-ppt) 0 0
SrF2 0 0
Strontianite 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 2015 Start of Season

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 1.117e-006 1.117e-006
Alkalinity 8.397e-004 8.397e-004
As 2.642e-006 2.642e-006
Ba 1.463e-007 1.463e-007
Ca 1.587e-002 1.587e-002
Cl 1.032e-002 1.032e-002
F 1.586e-005 1.586e-005
Fe 1.889e-005 1.889e-005
K 4.625e-004 4.625e-004
Mg 7.027e-004 7.027e-004
Mn 1.463e-006 1.463e-006
Mo 1.885e-006 1.885e-006
Na 4.602e-002 4.602e-002
P 1.622e-006 1.622e-006
S(6) 2.615e-002 2.615e-002
Se 1.909e-006 1.909e-006
Si 9.364e-005 9.364e-005
Sr 4.357e-005 4.357e-005

----------------------------Description of solution----------------------------
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pH = 8.900
pe = 4.000

Activity of water = 0.998
Ionic strength = 8.676e-002

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 6.869e-004

Total CO2 (mol/kg) = 6.869e-004
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.626e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 14.08

Iterations = 10
Total H = 1.110147e+002
Total O = 5.561396e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.119e-006 2.423e-006 -5.506 -5.616 -0.110
H+ 1.586e-009 1.259e-009 -8.800 -8.900 -0.100
H2O 5.551e+001 9.984e-001 1.744 -0.001 0.000

Al 1.117e-006
Al(OH)4- 1.082e-006 8.551e-007 -5.966 -6.068 -0.102
Al(OH)3 3.447e-008 3.447e-008 -7.463 -7.463 0.000
Al(OH)2+ 2.702e-010 2.164e-010 -9.568 -9.665 -0.097
AlOH+2 2.986e-014 1.228e-014 -13.525 -13.911 -0.386
AlF2+ 2.501e-015 2.003e-015 -14.602 -14.698 -0.097
AlF+2 1.117e-015 4.591e-016 -14.952 -15.338 -0.386
AlF3 2.964e-016 2.964e-016 -15.528 -15.528 0.000
AlSO4+ 1.690e-016 1.335e-016 -15.772 -15.874 -0.102
Al+3 3.411e-017 4.271e-018 -16.467 -17.369 -0.902
Al(SO4)2- 1.872e-017 1.479e-017 -16.728 -16.830 -0.102
AlF4- 2.230e-018 1.762e-018 -17.652 -17.754 -0.102
AlMo6O21-3 0.000e+000 0.000e+000 -51.210 -52.529 -1.319

As(3) 3.767e-021
H3AsO3 2.858e-021 2.858e-021 -20.544 -20.544 0.000
H2AsO3- 9.081e-022 6.480e-022 -21.042 -21.188 -0.147
HAsO3-2 9.137e-025 2.369e-025 -24.039 -24.625 -0.586
AsO3-3 8.802e-029 4.224e-030 -28.055 -29.374 -1.319
H4AsO3+ 2.498e-030 1.782e-030 -29.602 -29.749 -0.147

As(5) 2.642e-006
HAsO4-2 2.606e-006 6.756e-007 -5.584 -6.170 -0.586
AsO4-3 2.460e-008 1.180e-009 -7.609 -8.928 -1.319
H2AsO4- 1.159e-008 8.271e-009 -7.936 -8.082 -0.147
H3AsO4 1.524e-015 1.555e-015 -14.817 -14.808 0.009

Ba 1.463e-007
Ba+2 1.459e-007 5.794e-008 -6.836 -7.237 -0.401
BaCO3 2.518e-010 2.518e-010 -9.599 -9.599 0.000
BaHCO3+ 1.758e-010 1.419e-010 -9.755 -9.848 -0.093
BaOH+ 6.918e-013 5.508e-013 -12.160 -12.259 -0.099

C(4) 6.869e-004
HCO3- 5.463e-004 4.375e-004 -3.263 -3.359 -0.097
CaCO3 5.353e-005 5.353e-005 -4.271 -4.271 0.000
CO3-2 3.003e-005 1.193e-005 -4.523 -4.924 -0.401
CaHCO3+ 2.624e-005 2.118e-005 -4.581 -4.674 -0.093
NaCO3- 1.506e-005 1.206e-005 -4.822 -4.919 -0.097
NaHCO3 1.160e-005 1.160e-005 -4.935 -4.935 0.000
H2CO3 1.507e-006 1.507e-006 -5.822 -5.822 0.000
MgCO3 1.453e-006 1.453e-006 -5.838 -5.838 0.000
MgHCO3+ 9.932e-007 7.783e-007 -6.003 -6.109 -0.106
SrHCO3+ 5.969e-008 4.819e-008 -7.224 -7.317 -0.093
SrCO3 5.819e-008 5.819e-008 -7.235 -7.235 0.000
MnHCO3+ 2.963e-009 2.359e-009 -8.528 -8.627 -0.099
BaCO3 2.518e-010 2.518e-010 -9.599 -9.599 0.000
BaHCO3+ 1.758e-010 1.419e-010 -9.755 -9.848 -0.093
FeHCO3+ 1.556e-012 1.256e-012 -11.808 -11.901 -0.093

Ca 1.587e-002
Ca+2 1.004e-002 3.987e-003 -1.998 -2.399 -0.401
CaSO4 5.749e-003 5.749e-003 -2.240 -2.240 0.000
CaCO3 5.353e-005 5.353e-005 -4.271 -4.271 0.000
CaHCO3+ 2.624e-005 2.118e-005 -4.581 -4.674 -0.093
CaPO4- 6.087e-007 4.874e-007 -6.216 -6.312 -0.097
CaF+ 4.805e-007 3.826e-007 -6.318 -6.417 -0.099
CaHPO4 3.244e-007 3.244e-007 -6.489 -6.489 0.000
CaOH+ 1.999e-007 1.614e-007 -6.699 -6.792 -0.093
CaH2PO4+ 4.202e-010 3.365e-010 -9.377 -9.473 -0.097

Cl 1.032e-002
Cl- 1.032e-002 8.189e-003 -1.987 -2.087 -0.100
MnCl+ 3.812e-009 3.035e-009 -8.419 -8.518 -0.099
MnCl2 3.510e-011 3.510e-011 -10.455 -10.455 0.000
MnCl3- 9.945e-014 7.917e-014 -13.002 -13.101 -0.099
FeCl+2 4.376e-020 1.758e-020 -19.359 -19.755 -0.396
FeCl2+ 1.320e-021 1.051e-021 -20.879 -20.978 -0.099
FeCl3 8.608e-025 8.608e-025 -24.065 -24.065 0.000

F 1.586e-005
F- 1.494e-005 1.186e-005 -4.826 -4.926 -0.100
CaF+ 4.805e-007 3.826e-007 -6.318 -6.417 -0.099
MgF+ 2.416e-007 1.909e-007 -6.617 -6.719 -0.102
NaF 2.036e-007 2.036e-007 -6.691 -6.691 0.000
SrF+ 4.832e-010 3.448e-010 -9.316 -9.462 -0.147
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MnF+ 1.380e-010 1.099e-010 -9.860 -9.959 -0.099
HF 1.662e-011 1.662e-011 -10.779 -10.779 0.000
AlF2+ 2.501e-015 2.003e-015 -14.602 -14.698 -0.097
AlF+2 1.117e-015 4.591e-016 -14.952 -15.338 -0.386
HF2- 8.837e-016 6.864e-016 -15.054 -15.163 -0.110
AlF3 2.964e-016 2.964e-016 -15.528 -15.528 0.000
FeF+2 3.037e-018 1.220e-018 -17.517 -17.914 -0.396
AlF4- 2.230e-018 1.762e-018 -17.652 -17.754 -0.102
FeF2+ 4.189e-019 3.335e-019 -18.378 -18.477 -0.099
FeF3 4.318e-021 4.318e-021 -20.365 -20.365 0.000
H2F2 1.306e-021 1.306e-021 -20.884 -20.884 0.000
SiF6-2 9.859e-039 3.961e-039 -38.006 -38.402 -0.396

Fe(2) 1.713e-009
Fe+2 1.201e-009 3.115e-010 -8.920 -9.506 -0.586
FeSO4 4.723e-010 4.723e-010 -9.326 -9.326 0.000
FeOH+ 3.775e-011 3.005e-011 -10.423 -10.522 -0.099
FeHCO3+ 1.556e-012 1.256e-012 -11.808 -11.901 -0.093
FeHPO4 2.071e-013 2.071e-013 -12.684 -12.684 0.000
Fe(OH)3- 1.337e-013 1.064e-013 -12.874 -12.973 -0.099
Fe(OH)2 4.875e-014 4.875e-014 -13.312 -13.312 0.000
FeH2PO4+ 6.467e-016 5.178e-016 -15.189 -15.286 -0.097

Fe(3) 1.889e-005
Fe(OH)4- 1.483e-005 1.187e-005 -4.829 -4.925 -0.097
Fe(OH)2+ 2.325e-006 1.862e-006 -5.634 -5.730 -0.097
Fe(OH)3 1.737e-006 1.737e-006 -5.760 -5.760 0.000
FeOH+2 6.103e-013 2.452e-013 -12.214 -12.610 -0.396
FeHPO4+ 3.845e-016 3.079e-016 -15.415 -15.512 -0.097
FeSO4+ 7.033e-018 5.599e-018 -17.153 -17.252 -0.099
FeF+2 3.037e-018 1.220e-018 -17.517 -17.914 -0.396
Fe(SO4)2- 1.391e-018 9.928e-019 -17.857 -18.003 -0.147
Fe+3 9.279e-019 1.162e-019 -18.032 -18.935 -0.902
FeF2+ 4.189e-019 3.335e-019 -18.378 -18.477 -0.099
FeCl+2 4.376e-020 1.758e-020 -19.359 -19.755 -0.396
FeF3 4.318e-021 4.318e-021 -20.365 -20.365 0.000
FeCl2+ 1.320e-021 1.051e-021 -20.879 -20.978 -0.099
Fe2(OH)2+4 7.675e-022 3.470e-024 -21.115 -23.460 -2.345
FeHSeO3+2 1.072e-022 2.780e-023 -21.970 -22.556 -0.586
FeH2PO4+2 1.780e-023 7.318e-024 -22.750 -23.136 -0.386
FeCl3 8.608e-025 8.608e-025 -24.065 -24.065 0.000
Fe3(OH)4+5 3.657e-025 7.935e-029 -24.437 -28.100 -3.664

H(0) 2.574e-029
H2 1.287e-029 1.313e-029 -28.890 -28.882 0.009

K 4.625e-004
K+ 4.417e-004 3.507e-004 -3.355 -3.455 -0.100
KSO4- 2.081e-005 1.666e-005 -4.682 -4.778 -0.097
KHPO4- 5.547e-010 4.442e-010 -9.256 -9.352 -0.097

Mg 7.027e-004
Mg+2 4.768e-004 1.894e-004 -3.322 -3.723 -0.401
MgSO4 2.230e-004 2.230e-004 -3.652 -3.652 0.000
MgCO3 1.453e-006 1.453e-006 -5.838 -5.838 0.000
MgHCO3+ 9.932e-007 7.783e-007 -6.003 -6.109 -0.106
MgF+ 2.416e-007 1.909e-007 -6.617 -6.719 -0.102
MgOH+ 1.740e-007 1.414e-007 -6.759 -6.850 -0.090
MgHPO4 2.127e-008 2.127e-008 -7.672 -7.672 0.000
MgPO4- 4.520e-010 3.619e-010 -9.345 -9.441 -0.097
MgH2PO4+ 4.179e-011 3.346e-011 -10.379 -10.475 -0.097

Mn(2) 1.463e-006
Mn+2 1.135e-006 2.944e-007 -5.945 -6.531 -0.586
MnSO4 3.185e-007 3.185e-007 -6.497 -6.497 0.000
MnCl+ 3.812e-009 3.035e-009 -8.419 -8.518 -0.099
MnHCO3+ 2.963e-009 2.359e-009 -8.528 -8.627 -0.099
MnOH+ 2.251e-009 1.792e-009 -8.648 -8.747 -0.099
MnF+ 1.380e-010 1.099e-010 -9.860 -9.959 -0.099
MnCl2 3.510e-011 3.510e-011 -10.455 -10.455 0.000
MnCl3- 9.945e-014 7.917e-014 -13.002 -13.101 -0.099
MnSeO4 3.033e-015 3.033e-015 -14.518 -14.518 0.000
Mn(OH)3- 2.923e-015 2.327e-015 -14.534 -14.633 -0.099
Mn(OH)4-2 1.494e-019 6.001e-020 -18.826 -19.222 -0.396
MnSe 0.000e+000 0.000e+000 -42.365 -42.365 0.000

Mn(3) 1.049e-028
Mn+3 1.049e-028 1.314e-029 -27.979 -28.882 -0.902

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -43.959 -44.355 -0.396

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -50.649 -50.763 -0.114

Mo 1.885e-006
MoO4-2 1.885e-006 7.486e-007 -5.725 -6.126 -0.401
HMoO4- 1.714e-011 1.223e-011 -10.766 -10.913 -0.147
H2MoO4 3.014e-016 3.014e-016 -15.521 -15.521 0.000
AlMo6O21-3 0.000e+000 0.000e+000 -51.210 -52.529 -1.319
Mo7O24-6 0.000e+000 0.000e+000 -53.696 -58.971 -5.276
HMo7O24-5 0.000e+000 0.000e+000 -57.914 -61.577 -3.664
H2Mo7O24-4 0.000e+000 0.000e+000 -63.378 -65.723 -2.345
H3Mo7O24-3 0.000e+000 0.000e+000 -70.040 -71.358 -1.319

Na 4.602e-002
Na+ 4.430e-002 3.517e-002 -1.354 -1.454 -0.100
NaSO4- 1.691e-003 1.354e-003 -2.772 -2.868 -0.097
NaCO3- 1.506e-005 1.206e-005 -4.822 -4.919 -0.097
NaHCO3 1.160e-005 1.160e-005 -4.935 -4.935 0.000
NaF 2.036e-007 2.036e-007 -6.691 -6.691 0.000
NaHPO4- 8.616e-008 6.899e-008 -7.065 -7.161 -0.097
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O(0) 2.704e-039
O2 1.352e-039 1.379e-039 -38.869 -38.860 0.009

P 1.622e-006
CaPO4- 6.087e-007 4.874e-007 -6.216 -6.312 -0.097
HPO4-2 5.727e-007 2.301e-007 -6.242 -6.638 -0.396
CaHPO4 3.244e-007 3.244e-007 -6.489 -6.489 0.000
NaHPO4- 8.616e-008 6.899e-008 -7.065 -7.161 -0.097
MgHPO4 2.127e-008 2.127e-008 -7.672 -7.672 0.000
H2PO4- 6.084e-009 4.872e-009 -8.216 -8.312 -0.097
SrHPO4 6.088e-010 6.088e-010 -9.216 -9.216 0.000
KHPO4- 5.547e-010 4.442e-010 -9.256 -9.352 -0.097
MgPO4- 4.520e-010 3.619e-010 -9.345 -9.441 -0.097
PO4-3 4.466e-010 5.593e-011 -9.350 -10.252 -0.902
CaH2PO4+ 4.202e-010 3.365e-010 -9.377 -9.473 -0.097
MgH2PO4+ 4.179e-011 3.346e-011 -10.379 -10.475 -0.097
SrH2PO4+ 3.632e-013 2.592e-013 -12.440 -12.586 -0.147
FeHPO4 2.071e-013 2.071e-013 -12.684 -12.684 0.000
H3PO4 7.284e-016 7.284e-016 -15.138 -15.138 0.000
FeH2PO4+ 6.467e-016 5.178e-016 -15.189 -15.286 -0.097
FeHPO4+ 3.845e-016 3.079e-016 -15.415 -15.512 -0.097
FeH2PO4+2 1.780e-023 7.318e-024 -22.750 -23.136 -0.386

S(6) 2.615e-002
SO4-2 1.845e-002 7.326e-003 -1.734 -2.135 -0.401
CaSO4 5.749e-003 5.749e-003 -2.240 -2.240 0.000
NaSO4- 1.691e-003 1.354e-003 -2.772 -2.868 -0.097
MgSO4 2.230e-004 2.230e-004 -3.652 -3.652 0.000
KSO4- 2.081e-005 1.666e-005 -4.682 -4.778 -0.097
SrSO4 1.428e-005 1.428e-005 -4.845 -4.845 0.000
MnSO4 3.185e-007 3.185e-007 -6.497 -6.497 0.000
HSO4- 7.129e-010 5.633e-010 -9.147 -9.249 -0.102
FeSO4 4.723e-010 4.723e-010 -9.326 -9.326 0.000
AlSO4+ 1.690e-016 1.335e-016 -15.772 -15.874 -0.102
Al(SO4)2- 1.872e-017 1.479e-017 -16.728 -16.830 -0.102
FeSO4+ 7.033e-018 5.599e-018 -17.153 -17.252 -0.099
Fe(SO4)2- 1.391e-018 9.928e-019 -17.857 -18.003 -0.147

Se(-2) 6.272e-040
HSe- 6.272e-040 4.476e-040 -39.203 -39.349 -0.147
MnSe 0.000e+000 0.000e+000 -42.365 -42.365 0.000
H2Se 0.000e+000 0.000e+000 -44.390 -44.390 0.000
Se-2 0.000e+000 0.000e+000 -45.310 -45.896 -0.586

Se(4) 1.908e-006
SeO3-2 1.692e-006 4.387e-007 -5.772 -6.358 -0.586
HSeO3- 2.164e-007 1.545e-007 -6.665 -6.811 -0.147
H2SeO3 7.265e-014 7.265e-014 -13.139 -13.139 0.000
FeHSeO3+2 1.072e-022 2.780e-023 -21.970 -22.556 -0.586

Se(6) 1.300e-010
SeO4-2 1.300e-010 5.162e-011 -9.886 -10.287 -0.401
MnSeO4 3.033e-015 3.033e-015 -14.518 -14.518 0.000
HSeO4- 2.792e-018 1.993e-018 -17.554 -17.701 -0.147

Si 9.364e-005
H4SiO4 8.532e-005 8.704e-005 -4.069 -4.060 0.009
H3SiO4- 8.317e-006 6.518e-006 -5.080 -5.186 -0.106
H2SiO4-2 3.308e-010 1.360e-010 -9.480 -9.866 -0.386
SiF6-2 9.859e-039 3.961e-039 -38.006 -38.402 -0.396

Sr 4.357e-005
Sr+2 2.918e-005 1.159e-005 -4.535 -4.936 -0.401
SrSO4 1.428e-005 1.428e-005 -4.845 -4.845 0.000
SrHCO3+ 5.969e-008 4.819e-008 -7.224 -7.317 -0.093
SrCO3 5.819e-008 5.819e-008 -7.235 -7.235 0.000
SrHPO4 6.088e-010 6.088e-010 -9.216 -9.216 0.000
SrF+ 4.832e-010 3.448e-010 -9.316 -9.462 -0.147
SrOH+ 2.094e-010 1.667e-010 -9.679 -9.778 -0.099
SrH2PO4+ 3.632e-013 2.592e-013 -12.440 -12.586 -0.147

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.50 9.33 11.83 Al(OH)3
Al2(MoO4)3 -57.90 -53.12 4.79 Al2(MoO4)3
Al2O3 -3.39 18.66 22.05 Al2O3
Al4(OH)10SO4 -5.32 17.38 22.70 Al4(OH)10SO4
AlAsO4:2H2O -10.28 -5.48 4.80 AlAsO4:2H2O
AlOHSO4 -7.38 -10.61 -3.23 AlOHSO4
Alunite -6.99 -6.44 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.24 -4.53 -4.29 CaSO4
Aragonite 0.87 -7.32 -8.19 CaCO3
Arsenolite -78.86 -82.17 -3.32 As4O6
Artinite -5.29 5.43 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -36.53 -29.61 6.92 As2O5
Ba(OH)2:8H2O -14.34 10.56 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 11.08 2.07 -9.01 Ba3(AsO4)2
BaF2 -11.23 -17.09 -5.86 BaF2
BaHPO4 -6.61 -26.39 -19.77 BaHPO4
BaMoO4 -6.30 -13.36 -7.06 BaMoO4
Barite 0.82 -9.37 -10.19 BaSO4
BaSeO3 -6.87 -5.15 1.72 BaSeO3
BaSeO4 -9.86 -17.52 -7.66 BaSeO4
Birnessite -7.37 10.72 18.09 MnO2
Bixbyite -4.88 -4.37 0.51 Mn2O3
Boehmite -0.34 9.33 9.67 AlOOH
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Brucite -3.83 14.08 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -5.72 16.58 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) 1.72 -27.70 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -2.18 -49.26 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.99 -21.55 -19.56 CaHPO4
CaHPO4:2H2O -2.34 -21.55 -19.21 CaHPO4:2H2O
Calcite 1.08 -7.32 -8.41 CaCO3
CaMoO4 -0.59 -8.53 -7.93 CaMoO4
CaSeO3:2H2O -3.31 -0.31 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.74 -12.69 -2.94 CaSeO4:2H2O
Celestite -0.43 -7.07 -6.64 SrSO4
CH4(g) -82.49 -125.92 -43.43 CH4
Chalcedony -0.33 -4.06 -3.73 SiO2
Chrysotile 0.09 34.11 34.02 Mg3Si2O5(OH)4
Claudetite -78.59 -82.17 -3.58 As4O6
CO2(g) -4.54 -22.72 -18.18 CO2
Cristobalite -0.52 -4.06 -3.54 SiO2
Cryolite -17.09 -51.29 -34.19 Na3AlF6
Diaspore 1.50 9.33 7.83 AlOOH
Dolomite(disordered) 0.14 -15.97 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.75 -15.97 -16.72 CaMg(CO3)2
Epsomite -3.63 -5.86 -2.23 MgSO4:7H2O
FCO3Apatite 25.18 -90.75 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -5.27 8.29 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 7.51 4.47 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -1.74 -0.18 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -10.98 -31.60 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -42.79 -44.27 -1.49 Fe2(SO4)3
Fe3(OH)8 3.60 23.82 20.22 Fe3(OH)8
FeAsO4:2H2O -7.44 -7.04 0.40 FeAsO4:2H2O
FeMoO4 -5.64 -15.63 -9.99 FeMoO4
Ferrihydrite 3.89 7.76 3.87 Fe(OH)3
Ferroselite -43.37 -62.40 -19.03 FeSe2
FeSe -28.94 -39.96 -11.02 FeSe
Fluorite -1.68 -12.25 -10.57 CaF2
Gibbsite 0.15 9.33 9.18 Al(OH)3
Goethite 6.71 7.76 1.05 FeOOH
Greenalite -4.05 16.76 20.81 Fe3Si2O5(OH)4
Gypsum 0.08 -4.54 -4.62 CaSO4:2H2O
H-Jarosite -6.62 -16.58 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -10.59 -23.93 -13.33 H2MoO4
H2Se(g) -43.43 -48.25 -4.82 H2Se
Halite -5.11 -3.54 1.57 NaCl
Halloysite -0.72 10.54 11.26 Al2Si2O5(OH)4
Hausmannite -5.33 59.60 64.94 Mn3O4
Hematite 15.75 15.53 -0.22 Fe2O3
Hercynite 1.15 26.95 25.81 FeAl2O4
Huntite -4.29 -33.26 -28.97 CaMg3(CO3)4
Hydromagnesite -13.77 -20.51 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 10.48 -33.85 -44.33 Ca5(PO4)3OH
K-Alum -19.65 -25.10 -5.45 KAl(SO4)2:12H2O
K-Jarosite 2.45 -11.13 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -16.33 -13.04 3.29 K2MoO4
K2SeO4 -16.47 -17.20 -0.73 K2SeO4
Kaolinite 1.73 10.54 8.81 Al2Si2O5(OH)4
Lepidocrocite 6.39 7.76 1.37 FeOOH
Lime -19.10 15.40 34.50 CaO
Maghemite 9.14 15.53 6.39 Fe2O3
Magnesioferrite 10.16 29.61 19.45 Fe2MgO4
Magnesite -1.00 -8.65 -7.65 MgCO3
Magnetite 18.48 23.82 5.34 Fe3O4
Manganite -1.17 24.17 25.34 MnOOH
Melanterite -9.25 -11.65 -2.40 FeSO4:7H2O
Mg(OH)2(active) -4.72 14.08 18.79 Mg(OH)2
Mg3(PO4)2 -8.39 -31.67 -23.28 Mg3(PO4)2
MgF2 -5.52 -13.57 -8.06 MgF2
MgHPO4:3H2O -4.70 -22.88 -18.18 MgHPO4:3H2O
MgMoO4 -8.00 -9.85 -1.85 MgMoO4
MgSeO3:6H2O -4.64 -1.64 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.81 -14.01 -1.20 MgSeO4:6H2O
Mirabilite -3.20 -5.05 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -59.97 -64.17 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -8.32 4.18 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -16.19 -40.10 -23.91 Mn3(PO4)2
MnCl2:4H2O -13.52 -10.71 2.82 MnCl2:4H2O
MnHPO4 -0.28 -25.68 -25.40 MnHPO4
MnSe -41.39 -36.98 4.41 MnSe
MnSeO3 -5.57 -4.44 1.13 MnSeO3
MnSeO3:2H2O -5.35 -4.44 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.77 -16.82 -2.05 MnSeO4:5H2O
MnSO4 -11.85 -8.67 3.18 MnSO4
MoO3 -15.93 -23.93 -8.00 MoO3
Na-Jarosite 0.66 -9.13 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -15.84 -32.96 -17.12 Na2Mo2O7
Na2MoO4 -10.62 -9.03 1.58 Na2MoO4
Na2MoO4:2H2O -10.26 -9.03 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -11.12 -0.82 10.30 Na2SeO3:5H2O
Na2SeO4 -14.47 -13.19 1.28 Na2SeO4
Natron -5.92 -7.84 -1.92 Na2CO3:10H2O
Nesquehonite -4.20 -8.65 -4.45 MgCO3:3H2O
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Nsutite -6.79 10.72 17.50 MnO2
O2(g) -36.80 51.60 88.39 O2
Periclase -8.91 14.08 22.99 MgO
Portlandite -8.60 15.40 24.00 Ca(OH)2
Pyrochroite -4.83 11.27 16.09 Mn(OH)2
Pyrolusite -6.84 37.07 43.90 MnO2
Quartz 0.15 -4.06 -4.21 SiO2
Rhodochrosite -0.89 -11.45 -10.56 MnCO3
Semetal(am) -15.24 -22.45 -7.21 Se
Semetal(hex -14.59 -22.45 -7.86 Se
SeO2 -15.82 -15.71 0.11 SeO2
SeO3 -50.49 -28.09 22.40 SeO3
Sepiolite -0.84 15.97 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -2.81 15.97 18.78 Mg2Si3O7.5OH:3H2O
Siderite -4.34 -14.43 -10.09 FeCO3
SiO2(am-gel) -1.22 -4.06 -2.84 SiO2
SiO2(am-ppt) -1.18 -4.06 -2.88 SiO2
Spinel -7.71 32.74 40.45 MgAl2O4
SrF2 -6.17 -14.79 -8.62 SrF2
SrHPO4 -4.79 -24.09 -19.30 SrHPO4
SrSeO3 -5.15 -2.85 2.30 SrSeO3
SrSeO4 -10.82 -15.22 -4.40 SrSeO4
Strengite -2.88 -29.19 -26.31 FePO4:2H2O
Strontianite -0.59 -9.86 -9.27 SrCO3
Thenardite -5.45 -5.04 0.41 Na2SO4
Thermonatrite -8.57 -7.83 0.73 Na2CO3:H2O
Vivianite -13.03 -49.03 -36.00 Fe3(PO4)2:8H2O
Witherite -3.55 -12.16 -8.61 BaCO3

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 2015 Start of Season
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Barite 0.00 -10.19 -10.19 0.000e+000 1.250e-007 1.250e-007
Ca3(PO4)2(beta) -0.04 -29.46 -29.42 0.000e+000 0 0.000e+000
Calcite 0.00 -8.41 -8.41 0.000e+000 1.326e-004 1.326e-004
Celestite -0.42 -7.06 -6.64 0.000e+000 0 0.000e+000
Ferrihydrite -0.00 3.87 3.87 0.000e+000 1.888e-005 1.888e-005
Fluorite -1.64 -12.21 -10.57 0.000e+000 0 0.000e+000
Gypsum 0.15 -4.47 -4.62 1.000e+001 9.998e+000 -2.305e-003
Quartz 0.00 -4.21 -4.21 0.000e+000 3.262e-005 3.262e-005
SiO2(am-gel) -1.37 -4.21 -2.84 0.000e+000 0 0.000e+000
SiO2(am-ppt) -1.33 -4.21 -2.88 0.000e+000 0 0.000e+000
SrF2 -6.19 -14.81 -8.62 0.000e+000 0 0.000e+000
Strontianite -1.73 -11.00 -9.27 0.000e+000 0 0.000e+000

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 1.117e-006 1.117e-006
As 2.641e-006 2.642e-006
Ba 2.129e-008 2.129e-008
C 5.543e-004 5.543e-004
Ca 1.804e-002 1.804e-002
Cl 1.031e-002 1.032e-002
F 1.586e-005 1.586e-005
Fe 5.447e-009 5.448e-009
K 4.625e-004 4.625e-004
Mg 7.027e-004 7.027e-004
Mn 1.463e-006 1.463e-006
Mo 1.885e-006 1.885e-006
Na 4.601e-002 4.602e-002
P 1.622e-006 1.622e-006
S 2.845e-002 2.845e-002
Se 1.908e-006 1.909e-006
Si 6.101e-005 6.102e-005
Sr 4.357e-005 4.357e-005

----------------------------Description of solution----------------------------

pH = 7.919 Charge balance
pe = 3.432 Adjusted to redox

equilibrium
Activity of water = 0.998

Ionic strength = 9.170e-002
Mass of water (kg) = 1.000e+000

Total alkalinity (eq/kg) = 5.556e-004
Total CO2 (mol/kg) = 5.543e-004

Temperature (deg C) = 10.000
Electrical balance (eq) = 1.626e-002
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Percent error, 100*(Cat-|An|)/(Cat+|An|) = 13.51
Iterations = 11

Total H = 1.110239e+002
Total O = 5.562726e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 2.603e-007 2.011e-007 -6.585 -6.697 -0.112
H+ 1.918e-008 1.516e-008 -7.717 -7.819 -0.102
H2O 5.551e+001 9.984e-001 1.744 -0.001 0.000

Al 1.117e-006
Al(OH)4- 7.875e-007 6.194e-007 -6.104 -6.208 -0.104
Al(OH)3 3.008e-007 3.008e-007 -6.522 -6.522 0.000
Al(OH)2+ 2.852e-008 2.274e-008 -7.545 -7.643 -0.098
AlOH+2 3.844e-011 1.555e-011 -10.415 -10.808 -0.393
AlF2+ 3.778e-011 3.013e-011 -10.423 -10.521 -0.098
AlF+2 1.719e-011 6.955e-012 -10.765 -11.158 -0.393
AlF3 4.430e-012 4.430e-012 -11.354 -11.354 0.000
AlSO4+ 2.723e-012 2.142e-012 -11.565 -11.669 -0.104
Al+3 5.389e-013 6.515e-014 -12.268 -13.186 -0.918
Al(SO4)2- 3.171e-013 2.494e-013 -12.499 -12.603 -0.104
AlF4- 3.325e-014 2.615e-014 -13.478 -13.583 -0.104
AlMo6O21-3 0.000e+000 0.000e+000 -40.546 -41.902 -1.356

As(3) 7.837e-016
H3AsO3 7.634e-016 7.634e-016 -15.117 -15.117 0.000
H2AsO3- 2.033e-017 1.437e-017 -16.692 -16.842 -0.151
HAsO3-2 1.747e-021 4.362e-022 -20.758 -21.360 -0.603
H4AsO3+ 8.114e-024 5.736e-024 -23.091 -23.241 -0.151
AsO3-3 1.465e-026 6.455e-028 -25.834 -27.190 -1.356

As(5) 2.641e-006
HAsO4-2 2.509e-006 6.264e-007 -5.601 -6.203 -0.603
H2AsO4- 1.307e-007 9.236e-008 -6.884 -7.034 -0.151
AsO4-3 2.061e-009 9.083e-011 -8.686 -10.042 -1.356
H3AsO4 2.048e-013 2.091e-013 -12.689 -12.680 0.009

Ba 2.129e-008
Ba+2 2.126e-008 8.314e-009 -7.672 -8.080 -0.408
BaHCO3+ 2.273e-011 1.828e-011 -10.643 -10.738 -0.095
BaCO3 2.693e-012 2.693e-012 -11.570 -11.570 0.000
BaOH+ 8.275e-015 6.560e-015 -14.082 -14.183 -0.101

C(4) 5.543e-004
HCO3- 4.925e-004 3.928e-004 -3.308 -3.406 -0.098
CaHCO3+ 2.622e-005 2.108e-005 -4.581 -4.676 -0.095
H2CO3 1.629e-005 1.629e-005 -4.788 -4.788 0.000
NaHCO3 1.036e-005 1.036e-005 -4.985 -4.985 0.000
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CO3-2 2.273e-006 8.888e-007 -5.643 -6.051 -0.408
NaCO3- 1.121e-006 8.941e-007 -5.950 -6.049 -0.098
MgHCO3+ 8.743e-007 6.818e-007 -6.058 -6.166 -0.108
MgCO3 1.057e-007 1.057e-007 -6.976 -6.976 0.000
SrHCO3+ 5.242e-008 4.216e-008 -7.280 -7.375 -0.095
SrCO3 4.227e-009 4.227e-009 -8.374 -8.374 0.000
MnHCO3+ 2.570e-009 2.037e-009 -8.590 -8.691 -0.101
BaHCO3+ 2.273e-011 1.828e-011 -10.643 -10.738 -0.095
BaCO3 2.693e-012 2.693e-012 -11.570 -11.570 0.000
FeHCO3+ 1.165e-012 9.369e-013 -11.934 -12.028 -0.095

Ca 1.804e-002
Ca+2 1.130e-002 4.420e-003 -1.947 -2.355 -0.408
CaSO4 6.703e-003 6.703e-003 -2.174 -2.174 0.000
CaHCO3+ 2.622e-005 2.108e-005 -4.581 -4.676 -0.095
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CaF+ 5.314e-007 4.213e-007 -6.275 -6.375 -0.101
CaHPO4 4.917e-007 4.917e-007 -6.308 -6.308 0.000
CaPO4- 7.690e-008 6.133e-008 -7.114 -7.212 -0.098
CaOH+ 1.847e-008 1.486e-008 -7.733 -7.828 -0.095
CaH2PO4+ 7.703e-009 6.143e-009 -8.113 -8.212 -0.098

Cl 1.031e-002
Cl- 1.031e-002 8.156e-003 -1.987 -2.089 -0.102
MnCl+ 3.668e-009 2.907e-009 -8.436 -8.536 -0.101
MnCl2 3.350e-011 3.350e-011 -10.475 -10.475 0.000
MnCl3- 9.492e-014 7.524e-014 -13.023 -13.124 -0.101
FeCl+2 9.956e-021 3.932e-021 -20.002 -20.405 -0.403
FeCl2+ 2.954e-022 2.342e-022 -21.530 -21.630 -0.101
FeCl3 1.910e-025 1.910e-025 -24.719 -24.719 0.000

F 1.586e-005
F- 1.489e-005 1.178e-005 -4.827 -4.929 -0.102
CaF+ 5.314e-007 4.213e-007 -6.275 -6.375 -0.101
MgF+ 2.352e-007 1.850e-007 -6.629 -6.733 -0.104
NaF 2.011e-007 2.011e-007 -6.697 -6.697 0.000
SrF+ 4.721e-010 3.337e-010 -9.326 -9.477 -0.151
HF 1.988e-010 1.988e-010 -9.702 -9.702 0.000
MnF+ 1.324e-010 1.050e-010 -9.878 -9.979 -0.101
AlF2+ 3.778e-011 3.013e-011 -10.423 -10.521 -0.098
AlF+2 1.719e-011 6.955e-012 -10.765 -11.158 -0.393
AlF3 4.430e-012 4.430e-012 -11.354 -11.354 0.000
AlF4- 3.325e-014 2.615e-014 -13.478 -13.583 -0.104
HF2- 1.056e-014 8.157e-015 -13.977 -14.088 -0.112
FeF+2 6.892e-019 2.722e-019 -18.162 -18.565 -0.403
H2F2 1.870e-019 1.870e-019 -18.728 -18.728 0.000
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FeF2+ 9.319e-020 7.387e-020 -19.031 -19.132 -0.101
FeF3 9.499e-022 9.499e-022 -21.022 -21.022 0.000
SiF6-2 1.440e-034 5.686e-035 -33.842 -34.245 -0.403

Fe(2) 1.453e-009
Fe+2 1.037e-009 2.588e-010 -8.984 -9.587 -0.603
FeSO4 4.126e-010 4.126e-010 -9.385 -9.385 0.000
FeOH+ 2.614e-012 2.073e-012 -11.583 -11.683 -0.101
FeHCO3+ 1.165e-012 9.369e-013 -11.934 -12.028 -0.095
FeHPO4 2.352e-013 2.352e-013 -12.629 -12.629 0.000
FeH2PO4+ 8.883e-015 7.085e-015 -14.051 -14.150 -0.098
Fe(OH)2 2.791e-016 2.791e-016 -15.554 -15.554 0.000
Fe(OH)3- 6.381e-017 5.058e-017 -16.195 -16.296 -0.101
Fe(HS)2 0.000e+000 0.000e+000 -132.076 -132.076 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -195.609 -195.759 -0.151

Fe(3) 3.994e-009
Fe(OH)2+ 3.612e-009 2.881e-009 -8.442 -8.540 -0.098
Fe(OH)3 2.232e-010 2.232e-010 -9.651 -9.651 0.000
Fe(OH)4- 1.587e-010 1.266e-010 -9.799 -9.898 -0.098
FeOH+2 1.157e-014 4.571e-015 -13.937 -14.340 -0.403
FeHPO4+ 1.185e-016 9.452e-017 -15.926 -16.024 -0.098
FeSO4+ 1.668e-018 1.322e-018 -17.778 -17.879 -0.101
FeF+2 6.892e-019 2.722e-019 -18.162 -18.565 -0.403
Fe(SO4)2- 3.487e-019 2.465e-019 -18.457 -18.608 -0.151
Fe+3 2.159e-019 2.610e-020 -18.666 -19.583 -0.918
FeF2+ 9.319e-020 7.387e-020 -19.031 -19.132 -0.101
FeCl+2 9.956e-021 3.932e-021 -20.002 -20.405 -0.403
FeF3 9.499e-022 9.499e-022 -21.022 -21.022 0.000
FeCl2+ 2.954e-022 2.342e-022 -21.530 -21.630 -0.101
FeHSeO3+2 1.310e-022 3.270e-023 -21.883 -22.486 -0.603
FeH2PO4+2 6.691e-023 2.706e-023 -22.175 -22.568 -0.393
Fe2(OH)2+4 3.104e-025 1.206e-027 -24.508 -26.919 -2.411
FeCl3 1.910e-025 1.910e-025 -24.719 -24.719 0.000
Fe3(OH)4+5 2.492e-031 4.267e-035 -30.603 -34.370 -3.766

H(0) 5.106e-026
H2 2.553e-026 2.608e-026 -25.593 -25.584 0.009

K 4.625e-004
K+ 4.407e-004 3.485e-004 -3.356 -3.458 -0.102
KSO4- 2.183e-005 1.741e-005 -4.661 -4.759 -0.098
KHPO4- 7.566e-010 6.034e-010 -9.121 -9.219 -0.098

Mg 7.027e-004
Mg+2 4.726e-004 1.848e-004 -3.326 -3.733 -0.408
MgSO4 2.288e-004 2.288e-004 -3.640 -3.640 0.000
MgHCO3+ 8.743e-007 6.818e-007 -6.058 -6.166 -0.108
MgF+ 2.352e-007 1.850e-007 -6.629 -6.733 -0.104
MgCO3 1.057e-007 1.057e-007 -6.976 -6.976 0.000
MgHPO4 2.837e-008 2.837e-008 -7.547 -7.547 0.000
MgOH+ 1.414e-008 1.145e-008 -7.849 -7.941 -0.092
MgH2PO4+ 6.742e-010 5.377e-010 -9.171 -9.269 -0.098
MgPO4- 5.025e-011 4.008e-011 -10.299 -10.397 -0.098

Mn(2) 1.463e-006
Mn+2 1.134e-006 2.832e-007 -5.945 -6.548 -0.603
MnSO4 3.221e-007 3.221e-007 -6.492 -6.492 0.000
MnCl+ 3.668e-009 2.907e-009 -8.436 -8.536 -0.101
MnHCO3+ 2.570e-009 2.037e-009 -8.590 -8.691 -0.101
MnOH+ 1.805e-010 1.431e-010 -9.744 -9.844 -0.101
MnF+ 1.324e-010 1.050e-010 -9.878 -9.979 -0.101
MnCl2 3.350e-011 3.350e-011 -10.475 -10.475 0.000
MnCl3- 9.492e-014 7.524e-014 -13.023 -13.124 -0.101
Mn(OH)3- 1.615e-018 1.281e-018 -17.792 -17.893 -0.101
MnSeO4 6.387e-019 6.387e-019 -18.195 -18.195 0.000
Mn(OH)4-2 6.939e-024 2.741e-024 -23.159 -23.562 -0.403
MnSe 1.413e-033 1.413e-033 -32.850 -32.850 0.000

Mn(3) 2.825e-029
Mn+3 2.825e-029 3.416e-030 -28.549 -29.467 -0.918

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -54.888 -55.291 -0.403

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -62.151 -62.267 -0.116

Mo 1.885e-006
MoO4-2 1.885e-006 7.369e-007 -5.725 -6.133 -0.408
HMoO4- 2.052e-010 1.450e-010 -9.688 -9.839 -0.151
H2MoO4 4.305e-014 4.305e-014 -13.366 -13.366 0.000
AlMo6O21-3 0.000e+000 0.000e+000 -40.546 -41.902 -1.356
Mo7O24-6 0.000e+000 0.000e+000 -44.949 -50.373 -5.424
HMo7O24-5 0.000e+000 0.000e+000 -48.131 -51.898 -3.766
H2Mo7O24-4 0.000e+000 0.000e+000 -52.552 -54.963 -2.411
H3Mo7O24-3 0.000e+000 0.000e+000 -58.161 -59.517 -1.356

Na 4.601e-002
Na+ 4.423e-002 3.497e-002 -1.354 -1.456 -0.102
NaSO4- 1.776e-003 1.416e-003 -2.751 -2.849 -0.098
NaHCO3 1.036e-005 1.036e-005 -4.985 -4.985 0.000
NaCO3- 1.121e-006 8.941e-007 -5.950 -6.049 -0.098
NaF 2.011e-007 2.011e-007 -6.697 -6.697 0.000
NaHPO4- 1.176e-007 9.379e-008 -6.930 -7.028 -0.098

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -45.466 -45.456 0.009

P 1.622e-006
HPO4-2 7.964e-007 3.145e-007 -6.099 -6.502 -0.403
CaHPO4 4.917e-007 4.917e-007 -6.308 -6.308 0.000
NaHPO4- 1.176e-007 9.379e-008 -6.930 -7.028 -0.098
H2PO4- 1.006e-007 8.023e-008 -6.997 -7.096 -0.098



101

CaPO4- 7.690e-008 6.133e-008 -7.114 -7.212 -0.098
MgHPO4 2.837e-008 2.837e-008 -7.547 -7.547 0.000
CaH2PO4+ 7.703e-009 6.143e-009 -8.113 -8.212 -0.098
SrHPO4 8.110e-010 8.110e-010 -9.091 -9.091 0.000
KHPO4- 7.566e-010 6.034e-010 -9.121 -9.219 -0.098
MgH2PO4+ 6.742e-010 5.377e-010 -9.171 -9.269 -0.098
PO4-3 5.251e-011 6.348e-012 -10.280 -11.197 -0.918
MgPO4- 5.025e-011 4.008e-011 -10.299 -10.397 -0.098
SrH2PO4+ 5.883e-012 4.159e-012 -11.230 -11.381 -0.151
FeHPO4 2.352e-013 2.352e-013 -12.629 -12.629 0.000
H3PO4 1.445e-013 1.445e-013 -12.840 -12.840 0.000
FeH2PO4+ 8.883e-015 7.085e-015 -14.051 -14.150 -0.098
FeHPO4+ 1.185e-016 9.452e-017 -15.926 -16.024 -0.098
FeH2PO4+2 6.691e-023 2.706e-023 -22.175 -22.568 -0.393

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -65.569 -65.720 -0.151
H2S 0.000e+000 0.000e+000 -66.315 -66.315 0.000
S5-2 0.000e+000 0.000e+000 -67.012 -67.615 -0.603
S6-2 0.000e+000 0.000e+000 -67.179 -67.782 -0.603
S4-2 0.000e+000 0.000e+000 -67.623 -68.226 -0.603
S3-2 0.000e+000 0.000e+000 -68.456 -69.059 -0.603
S2-2 0.000e+000 0.000e+000 -69.511 -70.114 -0.603
S-2 0.000e+000 0.000e+000 -75.256 -75.659 -0.403
Fe(HS)2 0.000e+000 0.000e+000 -132.076 -132.076 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -195.609 -195.759 -0.151

S(6) 2.845e-002
SO4-2 1.970e-002 7.704e-003 -1.705 -2.113 -0.408
CaSO4 6.703e-003 6.703e-003 -2.174 -2.174 0.000
NaSO4- 1.776e-003 1.416e-003 -2.751 -2.849 -0.098
MgSO4 2.288e-004 2.288e-004 -3.640 -3.640 0.000
KSO4- 2.183e-005 1.741e-005 -4.661 -4.759 -0.098
SrSO4 1.463e-005 1.463e-005 -4.835 -4.835 0.000
MnSO4 3.221e-007 3.221e-007 -6.492 -6.492 0.000
HSO4- 9.072e-009 7.135e-009 -8.042 -8.147 -0.104
FeSO4 4.126e-010 4.126e-010 -9.385 -9.385 0.000
AlSO4+ 2.723e-012 2.142e-012 -11.565 -11.669 -0.104
Al(SO4)2- 3.171e-013 2.494e-013 -12.499 -12.603 -0.104
FeSO4+ 1.668e-018 1.322e-018 -17.778 -17.879 -0.101
Fe(SO4)2- 3.487e-019 2.465e-019 -18.457 -18.608 -0.151

Se(-2) 2.597e-029
HSe- 2.597e-029 1.836e-029 -28.586 -28.736 -0.151
H2Se 2.014e-033 2.014e-033 -32.696 -32.696 0.000
MnSe 1.413e-033 1.413e-033 -32.850 -32.850 0.000
Se-2 1.734e-036 4.330e-037 -35.761 -36.364 -0.603

Se(4) 1.908e-006
HSeO3- 1.144e-006 8.089e-007 -5.941 -6.092 -0.151
SeO3-2 7.640e-007 1.908e-007 -6.117 -6.720 -0.603
H2SeO3 4.584e-012 4.584e-012 -11.339 -11.339 0.000
FeHSeO3+2 1.310e-022 3.270e-023 -21.883 -22.486 -0.603

Se(6) 2.891e-014
SeO4-2 2.891e-014 1.130e-014 -13.539 -13.947 -0.408
MnSeO4 6.387e-019 6.387e-019 -18.195 -18.195 0.000
HSeO4- 7.434e-021 5.255e-021 -20.129 -20.279 -0.151

Si 6.101e-005
H4SiO4 6.052e-005 6.181e-005 -4.218 -4.209 0.009
H3SiO4- 4.927e-007 3.843e-007 -6.307 -6.415 -0.108
H2SiO4-2 1.646e-012 6.657e-013 -11.784 -12.177 -0.393
SiF6-2 1.440e-034 5.686e-035 -33.842 -34.245 -0.403

Sr 4.357e-005
Sr+2 2.888e-005 1.129e-005 -4.539 -4.947 -0.408
SrSO4 1.463e-005 1.463e-005 -4.835 -4.835 0.000
SrHCO3+ 5.242e-008 4.216e-008 -7.280 -7.375 -0.095
SrCO3 4.227e-009 4.227e-009 -8.374 -8.374 0.000
SrHPO4 8.110e-010 8.110e-010 -9.091 -9.091 0.000
SrF+ 4.721e-010 3.337e-010 -9.326 -9.477 -0.151
SrOH+ 1.701e-011 1.349e-011 -10.769 -10.870 -0.101
SrH2PO4+ 5.883e-012 4.159e-012 -11.230 -11.381 -0.151

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -1.56 10.27 11.83 Al(OH)3
Al2(MoO4)3 -49.56 -44.77 4.79 Al2(MoO4)3
Al2O3 -1.51 20.54 22.05 Al2O3
Al4(OH)10SO4 0.63 23.33 22.70 Al4(OH)10SO4
AlAsO4:2H2O -7.21 -2.41 4.80 AlAsO4:2H2O
AlOHSO4 -4.25 -7.48 -3.23 AlOHSO4
Alunite -0.88 -0.33 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.17 -4.47 -4.29 CaSO4
Aragonite -0.22 -8.41 -8.19 CaCO3
Arsenolite -57.15 -60.46 -3.32 As4O6
Artinite -8.60 2.12 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -32.27 -25.36 6.92 As2O5
Ba(OH)2:8H2O -17.35 7.55 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 6.33 -2.68 -9.01 Ba3(AsO4)2
BaF2 -12.08 -17.94 -5.86 BaF2
BaHPO4 -7.32 -27.10 -19.77 BaHPO4
BaMoO4 -7.15 -14.21 -7.06 BaMoO4
Barite 0.00 -10.19 -10.19 BaSO4
BaS -82.16 -65.98 16.18 BaS
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BaSeO3 -8.07 -6.35 1.72 BaSeO3
BaSeO4 -14.36 -22.03 -7.66 BaSeO4
Birnessite -12.85 5.24 18.09 MnO2
Bixbyite -12.53 -12.02 0.51 Mn2O3
Boehmite 0.60 10.27 9.67 AlOOH
Brucite -6.00 11.90 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -7.81 14.49 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) -0.04 -29.46 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -3.75 -50.83 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.81 -21.37 -19.56 CaHPO4
CaHPO4:2H2O -2.16 -21.37 -19.21 CaHPO4:2H2O
Calcite 0.00 -8.41 -8.41 CaCO3
CaMoO4 -0.56 -8.49 -7.93 CaMoO4
CaSeO3:2H2O -3.62 -0.63 2.99 CaSeO3:2H2O
CaSeO4:2H2O -13.36 -16.30 -2.94 CaSeO4:2H2O
Celestite -0.42 -7.06 -6.64 SrSO4
CH4(g) -68.26 -111.70 -43.43 CH4
Chalcedony -0.47 -4.21 -3.73 SiO2
Chrysotile -6.72 27.30 34.02 Mg3Si2O5(OH)4
Claudetite -56.88 -60.46 -3.58 As4O6
CO2(g) -3.50 -21.69 -18.18 CO2
Cristobalite -0.67 -4.21 -3.54 SiO2
Cryolite -12.94 -47.13 -34.19 Na3AlF6
Diaspore 2.44 10.27 7.83 AlOOH
Dolomite(disordered) -2.08 -18.19 -16.11 CaMg(CO3)2
Dolomite(ordered) -1.47 -18.19 -16.72 CaMg(CO3)2
Epsomite -3.62 -5.85 -2.23 MgSO4:7H2O
FCO3Apatite 19.70 -96.23 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -7.51 6.05 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 3.94 0.90 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -7.72 -6.17 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -13.36 -33.99 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -44.02 -45.51 -1.49 Fe2(SO4)3
Fe3(OH)8 -6.43 13.79 20.22 Fe3(OH)8
FeAsO4:2H2O -9.21 -8.81 0.40 FeAsO4:2H2O
FeMoO4 -5.73 -15.72 -9.99 FeMoO4
Ferrihydrite -0.00 3.87 3.87 Fe(OH)3
Ferroselite -25.52 -44.56 -19.03 FeSe2
FeS(ppt) -64.64 -67.49 -2.85 FeS
FeSe -19.48 -30.50 -11.02 FeSe
Fluorite -1.64 -12.21 -10.57 CaF2
Gibbsite 1.09 10.27 9.18 Al(OH)3
Goethite 2.82 3.87 1.05 FeOOH
Greenalite -11.07 9.74 20.81 Fe3Si2O5(OH)4
Greigite -235.32 -280.36 -45.03 Fe3S4
Gypsum 0.15 -4.47 -4.62 CaSO4:2H2O
H-Jarosite -13.93 -23.89 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -8.44 -21.77 -13.33 H2MoO4
H2S(g) -65.53 -73.54 -8.01 H2S
H2Se(g) -31.74 -36.56 -4.82 H2Se
Halite -5.11 -3.54 1.57 NaCl
Halloysite 0.87 12.12 11.26 Al2Si2O5(OH)4
Hausmannite -15.17 49.77 64.94 Mn3O4
Hematite 7.97 7.75 -0.22 Fe2O3
Hercynite 0.78 26.59 25.81 FeAl2O4
Huntite -8.79 -37.76 -28.97 CaMg3(CO3)4
Hydromagnesite -20.50 -27.24 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 6.79 -37.55 -44.33 Ca5(PO4)3OH
K-Alum -15.43 -20.88 -5.45 KAl(SO4)2:12H2O
K-Jarosite -5.94 -19.52 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -16.34 -13.05 3.29 K2MoO4
K2SeO4 -20.13 -20.86 -0.73 K2SeO4
Kaolinite 3.32 12.12 8.81 Al2Si2O5(OH)4
Lepidocrocite 2.50 3.87 1.37 FeOOH
Lime -21.22 13.28 34.50 CaO
Mackinawite -63.89 -67.49 -3.60 FeS
Maghemite 1.36 7.75 6.39 Fe2O3
Magnesioferrite 0.20 19.65 19.45 Fe2MgO4
Magnesite -2.14 -9.78 -7.65 MgCO3
Magnetite 8.46 13.80 5.34 Fe3O4
Manganite -5.00 20.34 25.34 MnOOH
Melanterite -9.31 -11.71 -2.40 FeSO4:7H2O
Mg(OH)2(active) -6.89 11.90 18.79 Mg(OH)2
Mg3(PO4)2 -10.31 -33.59 -23.28 Mg3(PO4)2
MgF2 -5.54 -13.59 -8.06 MgF2
MgHPO4:3H2O -4.58 -22.75 -18.18 MgHPO4:3H2O
MgMoO4 -8.02 -9.87 -1.85 MgMoO4
MgSeO3:6H2O -5.02 -2.01 3.01 MgSeO3:6H2O
MgSeO4:6H2O -16.48 -17.68 -1.20 MgSeO4:6H2O
Mirabilite -3.18 -5.03 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -61.08 -65.27 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -10.59 1.91 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -18.13 -42.04 -23.91 Mn3(PO4)2
MnCl2:4H2O -13.54 -10.73 2.82 MnCl2:4H2O
MnHPO4 -0.16 -25.56 -25.40 MnHPO4
MnS(grn) -64.92 -64.45 0.47 MnS
MnS(pnk) -67.79 -64.45 3.34 MnS
MnSe -31.88 -27.46 4.41 MnSe
MnSeO3 -5.95 -4.82 1.13 MnSeO3
MnSeO3:2H2O -5.73 -4.82 0.90 MnSeO3:2H2O
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MnSeO4:5H2O -18.45 -20.50 -2.05 MnSeO4:5H2O
MnSO4 -11.85 -8.66 3.18 MnSO4
MoO3 -13.77 -21.77 -8.00 MoO3
MoS2 -117.48 -191.35 -73.87 MoS2
Na-Jarosite -7.73 -17.52 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -13.70 -30.82 -17.12 Na2Mo2O7
Na2MoO4 -10.63 -9.05 1.58 Na2MoO4
Na2MoO4:2H2O -10.27 -9.05 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -11.49 -1.19 10.30 Na2SeO3:5H2O
Na2SeO4 -18.14 -16.86 1.28 Na2SeO4
Natron -7.05 -8.97 -1.92 Na2CO3:10H2O
Nesquehonite -5.34 -9.79 -4.45 MgCO3:3H2O
Nsutite -12.26 5.24 17.50 MnO2
O2(g) -43.39 45.00 88.39 O2
Orpiment -186.53 -250.85 -64.32 As2S3
Periclase -11.08 11.90 22.99 MgO
Portlandite -10.72 13.28 24.00 Ca(OH)2
Pyrite -99.55 -118.52 -18.97 FeS2
Pyrochroite -7.01 9.09 16.09 Mn(OH)2
Pyrolusite -12.31 31.59 43.90 MnO2
Quartz 0.00 -4.21 -4.21 SiO2
Realgar -78.97 -99.91 -20.93 AsS
Rhodochrosite -2.04 -12.60 -10.56 MnCO3
Semetal(am) -6.84 -14.05 -7.21 Se
Semetal(hex -6.20 -14.05 -7.86 Se
SeO2 -14.02 -13.91 0.11 SeO2
SeO3 -51.99 -29.58 22.40 SeO3
Sepiolite -5.64 11.18 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -7.60 11.18 18.78 Mg2Si3O7.5OH:3H2O
Siderite -5.55 -15.64 -10.09 FeCO3
SiO2(am-gel) -1.37 -4.21 -2.84 SiO2
SiO2(am-ppt) -1.33 -4.21 -2.88 SiO2
Spinel -8.00 32.44 40.45 MgAl2O4
SrF2 -6.19 -14.81 -8.62 SrF2
SrHPO4 -4.67 -23.96 -19.30 SrHPO4
SrSeO3 -5.52 -3.22 2.30 SrSeO3
SrSeO4 -14.49 -18.89 -4.40 SrSeO4
Strengite -4.47 -30.78 -26.31 FePO4:2H2O
Strontianite -1.73 -11.00 -9.27 SrCO3
Sulfur -49.04 -51.04 -1.99 S
Thenardite -5.43 -5.03 0.41 Na2SO4
Thermonatrite -9.70 -8.96 0.73 Na2CO3:H2O
Vivianite -15.16 -51.16 -36.00 Fe3(PO4)2:8H2O
Witherite -5.52 -14.13 -8.61 BaCO3

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------
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Appendix C – 9. Beal Mountain RO Water Treatment Facility PHREEQC Modeling Data – End
of 2015, Modeling 16 MG Treated Water Discharged

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

Solution 1 - Beal Mtn 2015 End of Season, Assume Discharge 16 MG
pH 8.9
temp 10
Units mg/L
Alkalinity 165
As 0.616
Cl 1139
F 0.83
P 0.144
Se 0.468
Si 11.46
S(6) 7337
Al 0.0936
Ba 0.00601
Ca 1672
Fe 0.00083
Mg 53
Mn 0.25
Mo 0.563
K 55.4
Na 3291
Sr 11.90
EQUILIBRIUM_PHASES 1
Barite 0 0
Gypsum 0.25 10 #Assume ~178% saturation
Calcite 0 0
Celestite 0 0
Ca3(PO4)2(beta) 0 0
Ferrihydrite 0 0
Fluorite 0 0
Gibbsite 0 0
Quartz 0 0
SiO2(am-gel) 0 0
SiO2(am-ppt) 0 0
SrF2 0 0
Strontianite 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 2015 End of Season, Assume Discharge 16 MG

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 3.517e-006 3.517e-006
Alkalinity 2.742e-003 2.742e-003
As 8.336e-006 8.336e-006
Ba 4.437e-008 4.437e-008
Ca 4.230e-002 4.230e-002
Cl 3.257e-002 3.257e-002
F 4.430e-005 4.430e-005
Fe 1.507e-008 1.507e-008
K 1.437e-003 1.437e-003
Mg 2.211e-003 2.211e-003
Mn 4.614e-006 4.614e-006
Mo 5.950e-006 5.950e-006
Na 1.451e-001 1.451e-001
P 4.714e-006 4.714e-006
S(6) 7.744e-002 7.744e-002
Se 6.010e-006 6.010e-006
Si 1.934e-004 1.934e-004
Sr 1.377e-004 1.377e-004

----------------------------Description of solution----------------------------
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pH = 8.900
pe = 4.000

Activity of water = 0.995
Ionic strength = 2.308e-001

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 2.219e-003

Total CO2 (mol/kg) = 2.219e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 4.563e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 14.21

Iterations = 11
Total H = 1.110162e+002
Total O = 5.582413e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.447e-006 2.416e-006 -5.463 -5.617 -0.154
H+ 1.687e-009 1.259e-009 -8.773 -8.900 -0.127
H2O 5.551e+001 9.954e-001 1.744 -0.002 0.000

Al 3.517e-006
Al(OH)4- 3.416e-006 2.474e-006 -5.466 -5.607 -0.140
Al(OH)3 1.000e-007 1.000e-007 -7.000 -7.000 0.000
Al(OH)2+ 8.485e-010 6.298e-010 -9.071 -9.201 -0.129
AlOH+2 1.182e-013 3.585e-014 -12.928 -13.446 -0.518
AlF2+ 4.825e-014 3.581e-014 -13.317 -13.446 -0.129
AlF3 1.310e-014 1.310e-014 -13.883 -13.883 0.000
AlF+2 1.095e-014 3.322e-015 -13.961 -14.479 -0.518
AlSO4+ 1.063e-015 7.694e-016 -14.974 -15.114 -0.140
AlF4- 2.656e-016 1.924e-016 -15.576 -15.716 -0.140
Al(SO4)2- 2.315e-016 1.677e-016 -15.635 -15.776 -0.140
Al+3 1.739e-016 1.251e-017 -15.760 -16.903 -1.143
AlMo6O21-3 0.000e+000 0.000e+000 -47.554 -49.705 -2.151

As(3) 5.297e-021
H3AsO3 3.800e-021 3.800e-021 -20.420 -20.420 0.000
H2AsO3- 1.494e-021 8.617e-022 -20.826 -21.065 -0.239
HAsO3-2 2.848e-024 3.151e-025 -23.545 -24.502 -0.956
AsO3-3 7.957e-028 5.616e-030 -27.099 -29.251 -2.151
H4AsO3+ 4.109e-030 2.370e-030 -29.386 -29.625 -0.239

As(5) 8.336e-006
HAsO4-2 8.096e-006 8.956e-007 -5.092 -6.048 -0.956
AsO4-3 2.216e-007 1.564e-009 -6.654 -8.806 -2.151
H2AsO4- 1.901e-008 1.096e-008 -7.721 -7.960 -0.239
H3AsO4 1.954e-015 2.061e-015 -14.709 -14.686 0.023

Ba 4.437e-008
Ba+2 4.410e-008 1.369e-008 -7.356 -7.864 -0.508
BaCO3 1.541e-010 1.541e-010 -9.812 -9.812 0.000
BaHCO3+ 1.154e-010 8.686e-011 -9.938 -10.061 -0.123
BaOH+ 1.766e-013 1.297e-013 -12.753 -12.887 -0.134

C(4) 2.219e-003
HCO3- 1.527e-003 1.133e-003 -2.816 -2.946 -0.129
CaCO3 2.407e-004 2.407e-004 -3.618 -3.618 0.000
CaHCO3+ 1.265e-004 9.525e-005 -3.898 -4.021 -0.123
NaCO3- 1.204e-004 8.933e-005 -3.919 -4.049 -0.129
CO3-2 9.952e-005 3.090e-005 -4.002 -4.510 -0.508
NaHCO3 8.592e-005 8.592e-005 -4.066 -4.066 0.000
MgCO3 7.882e-006 7.882e-006 -5.103 -5.103 0.000
MgHCO3+ 5.920e-006 4.220e-006 -5.228 -5.375 -0.147
H2CO3 3.903e-006 3.903e-006 -5.409 -5.409 0.000
SrHCO3+ 3.473e-007 2.615e-007 -6.459 -6.583 -0.123
SrCO3 3.158e-007 3.158e-007 -6.501 -6.501 0.000
MnHCO3+ 1.160e-008 8.516e-009 -7.936 -8.070 -0.134
BaCO3 1.541e-010 1.541e-010 -9.812 -9.812 0.000
BaHCO3+ 1.154e-010 8.686e-011 -9.938 -10.061 -0.123
FeHCO3+ 3.253e-015 2.449e-015 -14.488 -14.611 -0.123

Ca 4.230e-002
Ca+2 2.229e-002 6.920e-003 -1.652 -2.160 -0.508
CaSO4 1.964e-002 1.964e-002 -1.707 -1.707 0.000
CaCO3 2.407e-004 2.407e-004 -3.618 -3.618 0.000
CaHCO3+ 1.265e-004 9.525e-005 -3.898 -4.021 -0.123
CaF+ 2.234e-006 1.641e-006 -5.651 -5.785 -0.134
CaPO4- 1.908e-006 1.416e-006 -5.719 -5.849 -0.129
CaHPO4 9.425e-007 9.425e-007 -6.026 -6.026 0.000
CaOH+ 3.710e-007 2.793e-007 -6.431 -6.554 -0.123
CaH2PO4+ 1.317e-009 9.776e-010 -8.880 -9.010 -0.129

Cl 3.257e-002
Cl- 3.257e-002 2.431e-002 -1.487 -1.614 -0.127
MnCl+ 1.710e-008 1.256e-008 -7.767 -7.901 -0.134
MnCl2 4.312e-010 4.312e-010 -9.365 -9.365 0.000
MnCl3- 3.932e-012 2.888e-012 -11.405 -11.539 -0.134
FeCl+2 1.350e-022 3.929e-023 -21.870 -22.406 -0.536
FeCl2+ 9.499e-024 6.976e-024 -23.022 -23.156 -0.134
FeCl3 1.696e-026 1.696e-026 -25.771 -25.771 0.000

F 4.430e-005
F- 3.926e-005 2.930e-005 -4.406 -4.533 -0.127
CaF+ 2.234e-006 1.641e-006 -5.651 -5.785 -0.134
NaF 1.438e-006 1.438e-006 -5.842 -5.842 0.000
MgF+ 1.363e-006 9.871e-007 -5.865 -6.006 -0.140
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SrF+ 3.094e-009 1.785e-009 -8.509 -8.748 -0.239
MnF+ 5.151e-010 3.783e-010 -9.288 -9.422 -0.134
HF 4.107e-011 4.107e-011 -10.387 -10.387 0.000
AlF2+ 4.825e-014 3.581e-014 -13.317 -13.446 -0.129
AlF3 1.310e-014 1.310e-014 -13.883 -13.883 0.000
AlF+2 1.095e-014 3.322e-015 -13.961 -14.479 -0.518
HF2- 5.980e-015 4.191e-015 -14.223 -14.378 -0.154
AlF4- 2.656e-016 1.924e-016 -15.576 -15.716 -0.140
H2F2 7.977e-021 7.977e-021 -20.098 -20.098 0.000
FeF+2 7.801e-021 2.270e-021 -20.108 -20.644 -0.536
FeF2+ 2.087e-021 1.533e-021 -20.681 -20.815 -0.134
FeF3 4.903e-023 4.903e-023 -22.310 -22.310 0.000
SiF6-2 6.617e-036 1.925e-036 -35.179 -35.716 -0.536

Fe(2) 2.854e-012
Fe+2 2.120e-012 2.345e-013 -11.674 -12.630 -0.956
FeSO4 6.994e-013 6.994e-013 -12.155 -12.155 0.000
FeOH+ 3.071e-014 2.255e-014 -13.513 -13.647 -0.134
FeHCO3+ 3.253e-015 2.449e-015 -14.488 -14.611 -0.123
FeHPO4 2.609e-016 2.609e-016 -15.583 -15.583 0.000
Fe(OH)3- 1.081e-016 7.939e-017 -15.966 -16.100 -0.134
Fe(OH)2 3.647e-017 3.647e-017 -16.438 -16.438 0.000
FeH2PO4+ 8.791e-019 6.524e-019 -18.056 -18.185 -0.129

Fe(3) 1.507e-008
Fe(OH)4- 1.189e-008 8.827e-009 -7.925 -8.054 -0.129
Fe(OH)2+ 1.877e-009 1.393e-009 -8.727 -8.856 -0.129
Fe(OH)3 1.296e-009 1.296e-009 -8.887 -8.887 0.000
FeOH+2 6.325e-016 1.840e-016 -15.199 -15.735 -0.536
FeHPO4+ 5.226e-019 3.879e-019 -18.282 -18.411 -0.129
FeSO4+ 1.129e-020 8.293e-021 -19.947 -20.081 -0.134
FeF+2 7.801e-021 2.270e-021 -20.108 -20.644 -0.536
Fe(SO4)2- 5.016e-021 2.893e-021 -20.300 -20.539 -0.239
FeF2+ 2.087e-021 1.533e-021 -20.681 -20.815 -0.134
Fe+3 1.216e-021 8.748e-023 -20.915 -22.058 -1.143
FeCl+2 1.350e-022 3.929e-023 -21.870 -22.406 -0.536
FeF3 4.903e-023 4.903e-023 -22.310 -22.310 0.000
FeCl2+ 9.499e-024 6.976e-024 -23.022 -23.156 -0.134
FeHSeO3+2 2.685e-025 2.970e-026 -24.571 -25.527 -0.956
FeH2PO4+2 3.039e-026 9.220e-027 -25.517 -26.035 -0.518
FeCl3 1.696e-026 1.696e-026 -25.771 -25.771 0.000
Fe2(OH)2+4 1.305e-026 1.954e-030 -25.884 -29.709 -3.825
Fe3(OH)4+5 3.162e-032 3.343e-038 -31.500 -37.476 -5.976

H(0) 2.490e-029
H2 1.245e-029 1.313e-029 -28.905 -28.882 0.023

K 1.437e-003
K+ 1.313e-003 9.802e-004 -2.882 -3.009 -0.127
KSO4- 1.235e-004 9.164e-005 -3.908 -4.038 -0.129
KHPO4- 2.800e-009 2.078e-009 -8.553 -8.682 -0.129

Mg 2.211e-003
Mg+2 1.277e-003 3.964e-004 -2.894 -3.402 -0.508
MgSO4 9.185e-004 9.185e-004 -3.037 -3.037 0.000
MgCO3 7.882e-006 7.882e-006 -5.103 -5.103 0.000
MgHCO3+ 5.920e-006 4.220e-006 -5.228 -5.375 -0.147
MgF+ 1.363e-006 9.871e-007 -5.865 -6.006 -0.140
MgOH+ 3.874e-007 2.950e-007 -6.412 -6.530 -0.118
MgHPO4 7.452e-008 7.452e-008 -7.128 -7.128 0.000
MgPO4- 1.708e-009 1.268e-009 -8.767 -8.897 -0.129
MgH2PO4+ 1.580e-010 1.172e-010 -9.801 -9.931 -0.129

Mn(2) 4.614e-006
Mn+2 3.708e-006 4.102e-007 -5.431 -6.387 -0.956
MnSO4 8.731e-007 8.731e-007 -6.059 -6.059 0.000
MnCl+ 1.710e-008 1.256e-008 -7.767 -7.901 -0.134
MnHCO3+ 1.160e-008 8.516e-009 -7.936 -8.070 -0.134
MnOH+ 3.389e-009 2.489e-009 -8.470 -8.604 -0.134
MnF+ 5.151e-010 3.783e-010 -9.288 -9.422 -0.134
MnCl2 4.312e-010 4.312e-010 -9.365 -9.365 0.000
MnCl3- 3.932e-012 2.888e-012 -11.405 -11.539 -0.134
MnSeO4 5.980e-015 5.980e-015 -14.223 -14.223 0.000
Mn(OH)3- 4.375e-015 3.213e-015 -14.359 -14.493 -0.134
Mn(OH)4-2 2.839e-019 8.259e-020 -18.547 -19.083 -0.536
MnSe 0.000e+000 0.000e+000 -42.065 -42.065 0.000

Mn(3) 2.545e-028
Mn+3 2.545e-028 1.830e-029 -27.594 -28.737 -1.143

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -43.680 -44.216 -0.536

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -50.461 -50.624 -0.163

Mo 5.950e-006
MoO4-2 5.950e-006 1.847e-006 -5.225 -5.734 -0.508
HMoO4- 5.232e-011 3.018e-011 -10.281 -10.520 -0.239
H2MoO4 7.437e-016 7.437e-016 -15.129 -15.129 0.000
AlMo6O21-3 0.000e+000 0.000e+000 -47.554 -49.705 -2.151
Mo7O24-6 0.000e+000 0.000e+000 -47.615 -56.221 -8.605
HMo7O24-5 0.000e+000 0.000e+000 -52.851 -58.827 -5.976
H2Mo7O24-4 0.000e+000 0.000e+000 -59.148 -62.972 -3.825
H3Mo7O24-3 0.000e+000 0.000e+000 -66.456 -68.608 -2.151

Na 1.451e-001
Na+ 1.347e-001 1.005e-001 -0.871 -0.998 -0.127
NaSO4- 1.026e-002 7.618e-003 -1.989 -2.118 -0.129
NaCO3- 1.204e-004 8.933e-005 -3.919 -4.049 -0.129
NaHCO3 8.592e-005 8.592e-005 -4.066 -4.066 0.000
NaF 1.438e-006 1.438e-006 -5.842 -5.842 0.000



107

NaHPO4- 4.448e-007 3.301e-007 -6.352 -6.481 -0.129
O(0) 2.599e-039

O2 1.300e-039 1.371e-039 -38.886 -38.863 0.023
P 4.714e-006

CaPO4- 1.908e-006 1.416e-006 -5.719 -5.849 -0.129
HPO4-2 1.324e-006 3.851e-007 -5.878 -6.414 -0.536
CaHPO4 9.425e-007 9.425e-007 -6.026 -6.026 0.000
NaHPO4- 4.448e-007 3.301e-007 -6.352 -6.481 -0.129
MgHPO4 7.452e-008 7.452e-008 -7.128 -7.128 0.000
H2PO4- 1.099e-008 8.155e-009 -7.959 -8.089 -0.129
KHPO4- 2.800e-009 2.078e-009 -8.553 -8.682 -0.129
SrHPO4 2.134e-009 2.134e-009 -8.671 -8.671 0.000
MgPO4- 1.708e-009 1.268e-009 -8.767 -8.897 -0.129
CaH2PO4+ 1.317e-009 9.776e-010 -8.880 -9.010 -0.129
PO4-3 1.301e-009 9.362e-011 -8.886 -10.029 -1.143
MgH2PO4+ 1.580e-010 1.172e-010 -9.801 -9.931 -0.129
SrH2PO4+ 1.575e-012 9.086e-013 -11.803 -12.042 -0.239
H3PO4 1.219e-015 1.219e-015 -14.914 -14.914 0.000
FeHPO4 2.609e-016 2.609e-016 -15.583 -15.583 0.000
FeH2PO4+ 8.791e-019 6.524e-019 -18.056 -18.185 -0.129
FeHPO4+ 5.226e-019 3.879e-019 -18.282 -18.411 -0.129
FeH2PO4+2 3.039e-026 9.220e-027 -25.517 -26.035 -0.518

S(6) 7.744e-002
SO4-2 4.644e-002 1.442e-002 -1.333 -1.841 -0.508
CaSO4 1.964e-002 1.964e-002 -1.707 -1.707 0.000
NaSO4- 1.026e-002 7.618e-003 -1.989 -2.118 -0.129
MgSO4 9.185e-004 9.185e-004 -3.037 -3.037 0.000
KSO4- 1.235e-004 9.164e-005 -3.908 -4.038 -0.129
SrSO4 5.884e-005 5.884e-005 -4.230 -4.230 0.000
MnSO4 8.731e-007 8.731e-007 -6.059 -6.059 0.000
HSO4- 1.531e-009 1.108e-009 -8.815 -8.955 -0.140
FeSO4 6.994e-013 6.994e-013 -12.155 -12.155 0.000
AlSO4+ 1.063e-015 7.694e-016 -14.974 -15.114 -0.140
Al(SO4)2- 2.315e-016 1.677e-016 -15.635 -15.776 -0.140
FeSO4+ 1.129e-020 8.293e-021 -19.947 -20.081 -0.134
Fe(SO4)2- 5.016e-021 2.893e-021 -20.300 -20.539 -0.239

Se(-2) 1.112e-039
HSe- 1.112e-039 6.411e-040 -38.954 -39.193 -0.239
MnSe 0.000e+000 0.000e+000 -42.065 -42.065 0.000
H2Se 0.000e+000 0.000e+000 -44.234 -44.234 0.000
Se-2 0.000e+000 0.000e+000 -44.783 -45.740 -0.956

Se(4) 6.009e-006
SeO3-2 5.629e-006 6.228e-007 -5.250 -6.206 -0.956
HSeO3- 3.801e-007 2.192e-007 -6.420 -6.659 -0.239
H2SeO3 1.031e-013 1.031e-013 -12.987 -12.987 0.000
FeHSeO3+2 2.685e-025 2.970e-026 -24.571 -25.527 -0.956

Se(6) 2.353e-010
SeO4-2 2.353e-010 7.305e-011 -9.628 -10.136 -0.508
MnSeO4 5.980e-015 5.980e-015 -14.223 -14.223 0.000
HSeO4- 4.889e-018 2.820e-018 -17.311 -17.550 -0.239

Si 1.934e-004
H4SiO4 1.741e-004 1.836e-004 -3.759 -3.736 0.023
H3SiO4- 1.929e-005 1.375e-005 -4.715 -4.862 -0.147
H2SiO4-2 9.457e-010 2.869e-010 -9.024 -9.542 -0.518
SiF6-2 6.617e-036 1.925e-036 -35.179 -35.716 -0.536

Sr 1.377e-004
Sr+2 7.819e-005 2.427e-005 -4.107 -4.615 -0.508
SrSO4 5.884e-005 5.884e-005 -4.230 -4.230 0.000
SrHCO3+ 3.473e-007 2.615e-007 -6.459 -6.583 -0.123
SrCO3 3.158e-007 3.158e-007 -6.501 -6.501 0.000
SrF+ 3.094e-009 1.785e-009 -8.509 -8.748 -0.239
SrHPO4 2.134e-009 2.134e-009 -8.671 -8.671 0.000
SrOH+ 4.740e-010 3.481e-010 -9.324 -9.458 -0.134
SrH2PO4+ 1.575e-012 9.086e-013 -11.803 -12.042 -0.239

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.04 9.79 11.83 Al(OH)3
Al2(MoO4)3 -55.79 -51.01 4.79 Al2(MoO4)3
Al2O3 -2.46 19.59 22.05 Al2O3
Al4(OH)10SO4 -3.17 19.53 22.70 Al4(OH)10SO4
AlAsO4:2H2O -9.69 -4.89 4.80 AlAsO4:2H2O
AlOHSO4 -6.62 -9.85 -3.23 AlOHSO4
Alunite -4.56 -4.01 0.55 KAl3(SO4)2(OH)6
Anhydrite 0.29 -4.00 -4.29 CaSO4
Aragonite 1.52 -6.67 -8.19 CaCO3
Arsenolite -78.35 -81.67 -3.32 As4O6
Artinite -4.24 6.48 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -36.28 -29.37 6.92 As2O5
Ba(OH)2:8H2O -14.98 9.92 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 9.45 0.44 -9.01 Ba3(AsO4)2
BaF2 -11.07 -16.93 -5.86 BaF2
BaHPO4 -7.02 -26.79 -19.77 BaHPO4
BaMoO4 -6.54 -13.60 -7.06 BaMoO4
Barite 0.49 -9.70 -10.19 BaSO4
BaSeO3 -7.34 -5.62 1.72 BaSeO3
BaSeO4 -10.34 -18.00 -7.66 BaSeO4
Birnessite -7.23 10.86 18.09 MnO2
Bixbyite -4.59 -4.08 0.51 Mn2O3
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Boehmite 0.12 9.79 9.67 AlOOH
Brucite -3.51 14.39 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -4.76 17.54 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) 2.88 -26.54 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -0.55 -47.63 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.53 -21.09 -19.56 CaHPO4
CaHPO4:2H2O -1.88 -21.09 -19.21 CaHPO4:2H2O
Calcite 1.74 -6.67 -8.41 CaCO3
CaMoO4 0.04 -7.89 -7.93 CaMoO4
CaSeO3:2H2O -2.92 0.08 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.36 -12.30 -2.94 CaSeO4:2H2O
Celestite 0.18 -6.46 -6.64 SrSO4
CH4(g) -82.07 -125.50 -43.43 CH4
Chalcedony 0.00 -3.73 -3.73 SiO2
Chrysotile 1.70 35.72 34.02 Mg3Si2O5(OH)4
Claudetite -78.09 -81.67 -3.58 As4O6
CO2(g) -4.12 -22.31 -18.18 CO2
Cristobalite -0.20 -3.73 -3.54 SiO2
Cryolite -12.90 -47.09 -34.19 Na3AlF6
Diaspore 1.96 9.79 7.83 AlOOH
Dolomite(disordered) 1.53 -14.58 -16.11 CaMg(CO3)2
Dolomite(ordered) 2.14 -14.58 -16.72 CaMg(CO3)2
Epsomite -3.02 -5.26 -2.23 MgSO4:7H2O
FCO3Apatite 30.17 -85.76 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -8.40 5.17 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 4.52 1.48 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -7.84 -6.28 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -16.77 -37.40 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -48.15 -49.64 -1.49 Fe2(SO4)3
Fe3(OH)8 -5.78 14.44 20.22 Fe3(OH)8
FeAsO4:2H2O -10.45 -10.05 0.40 FeAsO4:2H2O
FeMoO4 -8.38 -18.36 -9.99 FeMoO4
Ferrihydrite 0.76 4.64 3.87 Fe(OH)3
Ferroselite -46.18 -65.22 -19.03 FeSe2
FeSe -31.90 -42.92 -11.02 FeSe
Fluorite -0.65 -11.23 -10.57 CaF2
Gibbsite 0.61 9.79 9.18 Al(OH)3
Goethite 3.58 4.64 1.05 FeOOH
Greenalite -12.77 8.04 20.81 Fe3Si2O5(OH)4
Gypsum 0.61 -4.01 -4.62 CaSO4:2H2O
H-Jarosite -15.41 -25.37 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -10.20 -23.53 -13.33 H2MoO4
H2Se(g) -43.28 -48.09 -4.82 H2Se
Halite -4.18 -2.61 1.57 NaCl
Halloysite 0.86 12.12 11.26 Al2Si2O5(OH)4
Hausmannite -4.91 60.03 64.94 Mn3O4
Hematite 9.50 9.28 -0.22 Fe2O3
Hercynite -1.05 24.76 25.81 FeAl2O4
Huntite -1.44 -30.41 -28.97 CaMg3(CO3)4
Hydromagnesite -10.52 -17.26 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 12.35 -31.99 -44.33 Ca5(PO4)3OH
K-Alum -18.17 -23.62 -5.45 KAl(SO4)2:12H2O
K-Jarosite -5.89 -19.48 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -15.04 -11.75 3.29 K2MoO4
K2SeO4 -15.42 -16.15 -0.73 K2SeO4
Kaolinite 3.31 12.12 8.81 Al2Si2O5(OH)4
Lepidocrocite 3.27 4.64 1.37 FeOOH
Lime -18.86 15.64 34.50 CaO
Maghemite 2.89 9.28 6.39 Fe2O3
Magnesioferrite 4.23 23.67 19.45 Fe2MgO4
Magnesite -0.27 -7.91 -7.65 MgCO3
Magnetite 9.11 14.45 5.34 Fe3O4
Manganite -1.03 24.31 25.34 MnOOH
Melanterite -12.09 -14.49 -2.40 FeSO4:7H2O
Mg(OH)2(active) -4.40 14.39 18.79 Mg(OH)2
Mg3(PO4)2 -6.98 -30.26 -23.28 Mg3(PO4)2
MgF2 -4.41 -12.47 -8.06 MgF2
MgHPO4:3H2O -4.16 -22.34 -18.18 MgHPO4:3H2O
MgMoO4 -7.29 -9.14 -1.85 MgMoO4
MgSeO3:6H2O -4.18 -1.17 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.35 -13.55 -1.20 MgSeO4:6H2O
Mirabilite -2.01 -3.86 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -58.80 -63.00 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -7.65 4.85 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -15.31 -39.22 -23.91 Mn3(PO4)2
MnCl2:4H2O -12.44 -9.62 2.82 MnCl2:4H2O
MnHPO4 0.08 -25.32 -25.40 MnHPO4
MnSe -41.09 -36.68 4.41 MnSe
MnSeO3 -5.28 -4.15 1.13 MnSeO3
MnSeO3:2H2O -5.05 -4.15 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.48 -16.53 -2.05 MnSeO4:5H2O
MnSO4 -11.41 -8.23 3.18 MnSO4
MoO3 -15.53 -23.53 -8.00 MoO3
Na-Jarosite -7.67 -17.47 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -14.14 -31.26 -17.12 Na2Mo2O7
Na2MoO4 -9.31 -7.73 1.58 Na2MoO4
Na2MoO4:2H2O -8.96 -7.73 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -10.06 0.24 10.30 Na2SeO3:5H2O
Na2SeO4 -13.41 -12.13 1.28 Na2SeO4
Natron -4.60 -6.53 -1.92 Na2CO3:10H2O
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Nesquehonite -3.47 -7.92 -4.45 MgCO3:3H2O
Nsutite -6.65 10.86 17.50 MnO2
O2(g) -36.80 51.60 88.39 O2
Periclase -8.59 14.40 22.99 MgO
Portlandite -8.36 15.64 24.00 Ca(OH)2
Pyrochroite -4.69 11.41 16.09 Mn(OH)2
Pyrolusite -6.70 37.21 43.90 MnO2
Quartz 0.48 -3.73 -4.21 SiO2
Rhodochrosite -0.33 -10.90 -10.56 MnCO3
Semetal(am) -15.08 -22.29 -7.21 Se
Semetal(hex -14.44 -22.29 -7.86 Se
SeO2 -15.67 -15.56 0.11 SeO2
SeO3 -50.34 -27.93 22.40 SeO3
Sepiolite 0.77 17.59 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -1.19 17.59 18.78 Mg2Si3O7.5OH:3H2O
Siderite -7.05 -17.14 -10.09 FeCO3
SiO2(am-gel) -0.89 -3.73 -2.84 SiO2
SiO2(am-ppt) -0.85 -3.73 -2.88 SiO2
Spinel -6.46 33.98 40.45 MgAl2O4
SrF2 -5.06 -13.68 -8.62 SrF2
SrHPO4 -4.25 -23.54 -19.30 SrHPO4
SrSeO3 -4.67 -2.37 2.30 SrSeO3
SrSeO4 -10.35 -14.75 -4.40 SrSeO4
Strengite -5.78 -32.09 -26.31 FePO4:2H2O
Strontianite 0.15 -9.12 -9.27 SrCO3
Thenardite -4.24 -3.84 0.41 Na2SO4
Thermonatrite -7.24 -6.51 0.73 Na2CO3:H2O
Vivianite -21.96 -57.96 -36.00 Fe3(PO4)2:8H2O
Witherite -3.77 -12.37 -8.61 BaCO3

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 2015 End of Season, Assume Discharge 16 MG
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Barite 0.00 -10.19 -10.19 0.000e+000 2.786e-008 2.786e-008
Ca3(PO4)2(beta) -0.29 -29.71 -29.42 0.000e+000 0 0.000e+000
Calcite 0.00 -8.41 -8.41 0.000e+000 5.794e-004 5.794e-004
Celestite -0.00 -6.64 -6.64 0.000e+000 3.973e-005 3.973e-005
Ferrihydrite 0.00 3.87 3.87 0.000e+000 6.359e-009 6.359e-009
Fluorite -0.91 -11.48 -10.57 0.000e+000 0 0.000e+000
Gibbsite 0.00 9.18 9.18 0.000e+000 3.456e-006 3.456e-006
Gypsum 0.25 -4.37 -4.62 1.000e+001 1.002e+001 2.211e-002
Quartz 0.00 -4.21 -4.21 0.000e+000 1.343e-004 1.343e-004
SiO2(am-gel) -1.37 -4.21 -2.84 0.000e+000 0 0.000e+000
SiO2(am-ppt) -1.33 -4.21 -2.88 0.000e+000 0 0.000e+000
SrF2 -5.14 -13.76 -8.62 0.000e+000 0 0.000e+000
Strontianite -1.41 -10.68 -9.27 0.000e+000 0 0.000e+000

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 6.125e-008 6.120e-008
As 8.343e-006 8.336e-006
Ba 1.652e-008 1.651e-008
C 1.640e-003 1.639e-003
Ca 1.963e-002 1.961e-002
Cl 3.260e-002 3.257e-002
F 4.433e-005 4.430e-005
Fe 8.717e-009 8.710e-009
K 1.438e-003 1.437e-003
Mg 2.213e-003 2.211e-003
Mn 4.618e-006 4.614e-006
Mo 5.955e-006 5.950e-006
Na 1.453e-001 1.451e-001
P 4.718e-006 4.714e-006
S 5.534e-002 5.529e-002
Se 6.014e-006 6.010e-006
Si 5.912e-005 5.907e-005
Sr 9.805e-005 9.797e-005

----------------------------Description of solution----------------------------

pH = 7.485 Charge balance
pe = 5.666 Adjusted to redox

equilibrium
Activity of water = 0.996

Ionic strength = 1.899e-001
Mass of water (kg) = 9.992e-001

Total alkalinity (eq/kg) = 1.574e-003
Total CO2 (mol/kg) = 1.640e-003
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Temperature (deg C) = 10.000
Electrical balance (eq) = 4.563e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 16.30
Iterations = 17

Total H = 1.109278e+002
Total O = 5.568931e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.298e-007 9.299e-008 -6.887 -7.032 -0.145
H+ 4.340e-008 3.272e-008 -7.363 -7.485 -0.123
H2O 5.551e+001 9.959e-001 1.744 -0.002 0.000

Al 6.125e-008
Al(OH)4- 3.135e-008 2.312e-008 -7.504 -7.636 -0.132
Al(OH)3 2.428e-008 2.428e-008 -7.615 -7.615 0.000
Al(OH)2+ 5.267e-009 3.971e-009 -8.278 -8.401 -0.123
AlF2+ 2.152e-010 1.623e-010 -9.667 -9.790 -0.123
AlF3 6.124e-011 6.124e-011 -10.213 -10.213 0.000
AlF+2 4.515e-011 1.459e-011 -10.345 -10.836 -0.491
AlOH+2 1.818e-011 5.872e-012 -10.740 -11.231 -0.491
AlSO4+ 3.705e-012 2.732e-012 -11.431 -11.563 -0.132
AlF4- 1.258e-012 9.281e-013 -11.900 -12.032 -0.132
Al+3 6.762e-013 5.323e-014 -12.170 -13.274 -1.104
Al(SO4)2- 6.736e-013 4.968e-013 -12.172 -12.304 -0.132
AlMo6O21-3 2.943e-036 3.293e-038 -35.531 -37.482 -1.951

As(3) 9.658e-019
H3AsO3 9.521e-019 9.521e-019 -18.021 -18.021 0.000
H2AsO3- 1.369e-020 8.308e-021 -19.864 -20.081 -0.217
HAsO3-2 8.607e-025 1.169e-025 -24.065 -24.932 -0.867
H4AsO3+ 2.543e-026 1.544e-026 -25.595 -25.811 -0.217
AsO3-3 7.162e-030 8.015e-032 -29.145 -31.096 -1.951

As(5) 8.343e-006
HAsO4-2 7.783e-006 1.057e-006 -5.109 -5.976 -0.867
H2AsO4- 5.539e-007 3.362e-007 -6.257 -6.473 -0.217
AsO4-3 6.346e-009 7.102e-011 -8.197 -10.149 -1.951
H3AsO4 1.572e-012 1.643e-012 -11.803 -11.784 0.019

Ba 1.652e-008
Ba+2 1.648e-008 5.325e-009 -7.783 -8.274 -0.491
BaHCO3+ 4.082e-011 3.118e-011 -10.389 -10.506 -0.117
BaCO3 2.128e-012 2.128e-012 -11.672 -11.672 0.000
BaOH+ 2.601e-015 1.942e-015 -14.585 -14.712 -0.127

C(4) 1.640e-003
HCO3- 1.387e-003 1.046e-003 -2.858 -2.980 -0.123
H2CO3 9.362e-005 9.362e-005 -4.029 -4.029 0.000
NaHCO3 8.120e-005 8.120e-005 -4.090 -4.090 0.000
CaHCO3+ 5.956e-005 4.549e-005 -4.225 -4.342 -0.117
MgHCO3+ 5.923e-006 4.309e-006 -5.227 -5.366 -0.138
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
NaCO3- 4.309e-006 3.248e-006 -5.366 -5.488 -0.123
CO3-2 3.395e-006 1.097e-006 -5.469 -5.960 -0.491
MgCO3 3.096e-007 3.096e-007 -6.509 -6.509 0.000
SrHCO3+ 2.487e-007 1.900e-007 -6.604 -6.721 -0.117
MnHCO3+ 1.286e-008 9.606e-009 -7.891 -8.017 -0.127
SrCO3 8.827e-009 8.827e-009 -8.054 -8.054 0.000
BaHCO3+ 4.082e-011 3.118e-011 -10.389 -10.506 -0.117
BaCO3 2.128e-012 2.128e-012 -11.672 -11.672 0.000
FeHCO3+ 1.928e-013 1.473e-013 -12.715 -12.832 -0.117

Ca 1.963e-002
Ca+2 1.108e-002 3.581e-003 -1.955 -2.446 -0.491
CaSO4 8.480e-003 8.480e-003 -2.072 -2.072 0.000
CaHCO3+ 5.956e-005 4.549e-005 -4.225 -4.342 -0.117
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CaF+ 1.173e-006 8.763e-007 -5.931 -6.057 -0.127
CaHPO4 8.846e-007 8.846e-007 -6.053 -6.053 0.000
CaPO4- 6.783e-008 5.113e-008 -7.169 -7.291 -0.123
CaH2PO4+ 3.163e-008 2.385e-008 -7.500 -7.623 -0.123
CaOH+ 7.286e-009 5.565e-009 -8.138 -8.255 -0.117

Cl 3.260e-002
Cl- 3.260e-002 2.458e-002 -1.487 -1.609 -0.123
MnCl+ 2.077e-008 1.551e-008 -7.683 -7.809 -0.127
MnCl2 5.386e-010 5.386e-010 -9.269 -9.269 0.000
MnCl3- 4.882e-012 3.646e-012 -11.311 -11.438 -0.127
FeCl+2 3.854e-019 1.199e-019 -18.414 -18.921 -0.507
FeCl2+ 2.882e-020 2.152e-020 -19.540 -19.667 -0.127
FeCl3 5.290e-023 5.290e-023 -22.277 -22.277 0.000

F 4.433e-005
F- 4.011e-005 3.024e-005 -4.397 -4.519 -0.123
MgF+ 1.528e-006 1.127e-006 -5.816 -5.948 -0.132
NaF 1.520e-006 1.520e-006 -5.818 -5.818 0.000
CaF+ 1.173e-006 8.763e-007 -5.931 -6.057 -0.127
SrF+ 2.388e-009 1.450e-009 -8.622 -8.839 -0.217
HF 1.101e-009 1.101e-009 -8.958 -8.958 0.000
MnF+ 6.387e-010 4.771e-010 -9.195 -9.321 -0.127
AlF2+ 2.152e-010 1.623e-010 -9.667 -9.790 -0.123
AlF3 6.124e-011 6.124e-011 -10.213 -10.213 0.000
AlF+2 4.515e-011 1.459e-011 -10.345 -10.836 -0.491
AlF4- 1.258e-012 9.281e-013 -11.900 -12.032 -0.132
HF2- 1.619e-013 1.160e-013 -12.791 -12.936 -0.145
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FeF+2 2.273e-017 7.071e-018 -16.643 -17.151 -0.507
FeF2+ 6.597e-018 4.927e-018 -17.181 -17.307 -0.127
H2F2 5.738e-018 5.738e-018 -17.241 -17.241 0.000
FeF3 1.627e-019 1.627e-019 -18.789 -18.789 0.000
SiF6-2 1.140e-030 3.546e-031 -29.943 -30.450 -0.507

Fe(2) 1.508e-010
Fe+2 1.125e-010 1.528e-011 -9.949 -10.816 -0.867
FeSO4 3.803e-011 3.803e-011 -10.420 -10.420 0.000
FeHCO3+ 1.928e-013 1.473e-013 -12.715 -12.832 -0.117
FeOH+ 7.573e-014 5.656e-014 -13.121 -13.247 -0.127
FeHPO4 3.083e-014 3.083e-014 -13.511 -13.511 0.000
FeH2PO4+ 2.657e-015 2.003e-015 -14.576 -14.698 -0.123
Fe(OH)2 3.521e-018 3.521e-018 -17.453 -17.453 0.000
Fe(OH)3- 3.951e-019 2.951e-019 -18.403 -18.530 -0.127
Fe(HS)2 0.000e+000 0.000e+000 -162.644 -162.644 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -240.779 -240.995 -0.217

Fe(3) 8.566e-009
Fe(OH)2+ 8.265e-009 6.231e-009 -8.083 -8.205 -0.123
Fe(OH)3 2.232e-010 2.232e-010 -9.651 -9.651 0.000
Fe(OH)4- 7.763e-011 5.853e-011 -10.110 -10.233 -0.123
FeOH+2 6.873e-014 2.139e-014 -13.163 -13.670 -0.507
FeHPO4+ 2.817e-015 2.124e-015 -14.550 -14.673 -0.123
FeSO4+ 2.797e-017 2.089e-017 -16.553 -16.680 -0.127
FeF+2 2.273e-017 7.071e-018 -16.643 -17.151 -0.507
Fe(SO4)2- 1.002e-017 6.082e-018 -16.999 -17.216 -0.217
FeF2+ 6.597e-018 4.927e-018 -17.181 -17.307 -0.127
Fe+3 3.355e-018 2.641e-019 -17.474 -18.578 -1.104
FeCl+2 3.854e-019 1.199e-019 -18.414 -18.921 -0.507
FeF3 1.627e-019 1.627e-019 -18.789 -18.789 0.000
FeCl2+ 2.882e-020 2.152e-020 -19.540 -19.667 -0.127
FeHSeO3+2 7.387e-021 1.003e-021 -20.132 -20.999 -0.867
FeH2PO4+2 4.061e-021 1.312e-021 -20.391 -20.882 -0.491
Fe2(OH)2+4 7.767e-023 2.640e-026 -22.110 -25.578 -3.469
FeCl3 5.290e-023 5.290e-023 -22.277 -22.277 0.000
Fe3(OH)4+5 5.312e-028 2.020e-033 -27.275 -32.695 -5.420

H(0) 7.908e-030
H2 3.954e-030 4.131e-030 -29.403 -29.384 0.019

K 1.438e-003
K+ 1.334e-003 1.006e-003 -2.875 -2.998 -0.123
KSO4- 1.041e-004 7.845e-005 -3.983 -4.105 -0.123
KHPO4- 5.128e-009 3.866e-009 -8.290 -8.413 -0.123

Mg 2.213e-003
Mg+2 1.357e-003 4.384e-004 -2.867 -3.358 -0.491
MgSO4 8.479e-004 8.479e-004 -3.072 -3.072 0.000
MgHCO3+ 5.923e-006 4.309e-006 -5.227 -5.366 -0.138
MgF+ 1.528e-006 1.127e-006 -5.816 -5.948 -0.132
MgCO3 3.096e-007 3.096e-007 -6.509 -6.509 0.000
MgHPO4 1.495e-007 1.495e-007 -6.825 -6.825 0.000
MgOH+ 1.628e-008 1.256e-008 -7.788 -7.901 -0.113
MgH2PO4+ 8.108e-009 6.113e-009 -8.091 -8.214 -0.123
MgPO4- 1.298e-010 9.786e-011 -9.887 -10.009 -0.123

Mn(2) 4.618e-006
Mn+2 3.692e-006 5.013e-007 -5.433 -6.300 -0.867
MnSO4 8.905e-007 8.905e-007 -6.050 -6.050 0.000
MnCl+ 2.077e-008 1.551e-008 -7.683 -7.809 -0.127
MnHCO3+ 1.286e-008 9.606e-009 -7.891 -8.017 -0.127
MnF+ 6.387e-010 4.771e-010 -9.195 -9.321 -0.127
MnCl2 5.386e-010 5.386e-010 -9.269 -9.269 0.000
MnOH+ 1.568e-010 1.171e-010 -9.805 -9.931 -0.127
MnCl3- 4.882e-012 3.646e-012 -11.311 -11.438 -0.127
MnSeO4 1.000e-014 1.000e-014 -14.000 -14.000 0.000
Mn(OH)3- 3.000e-019 2.240e-019 -18.523 -18.650 -0.127
Mn(OH)4-2 7.124e-025 2.217e-025 -24.147 -24.654 -0.507
MnSe 0.000e+000 0.000e+000 -43.852 -43.852 0.000

Mn(3) 1.317e-026
Mn+3 1.317e-026 1.037e-027 -25.880 -26.984 -1.104

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -48.276 -48.783 -0.507

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -53.373 -53.525 -0.152

Mo 5.955e-006
MoO4-2 5.953e-006 1.924e-006 -5.225 -5.716 -0.491
HMoO4- 1.346e-009 8.168e-010 -8.871 -9.088 -0.217
H2MoO4 5.232e-013 5.232e-013 -12.281 -12.281 0.000
AlMo6O21-3 2.943e-036 3.293e-038 -35.531 -37.482 -1.951
Mo7O24-6 1.060e-037 0.000e+000 -36.975 -44.779 -7.805
HMo7O24-5 0.000e+000 0.000e+000 -40.551 -45.971 -5.420
H2Mo7O24-4 0.000e+000 0.000e+000 -45.233 -48.701 -3.469
H3Mo7O24-3 0.000e+000 0.000e+000 -50.971 -52.922 -1.951

Na 1.453e-001
Na+ 1.365e-001 1.029e-001 -0.865 -0.987 -0.123
NaSO4- 8.635e-003 6.510e-003 -2.064 -2.186 -0.123
NaHCO3 8.120e-005 8.120e-005 -4.090 -4.090 0.000
NaCO3- 4.309e-006 3.248e-006 -5.366 -5.488 -0.123
NaF 1.520e-006 1.520e-006 -5.818 -5.818 0.000
NaHPO4- 8.131e-007 6.130e-007 -6.090 -6.213 -0.123

O(0) 2.655e-038
O2 1.327e-038 1.387e-038 -37.877 -37.858 0.019

P 4.718e-006
HPO4-2 2.244e-006 6.984e-007 -5.649 -6.156 -0.507
CaHPO4 8.846e-007 8.846e-007 -6.053 -6.053 0.000
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NaHPO4- 8.131e-007 6.130e-007 -6.090 -6.213 -0.123
H2PO4- 5.098e-007 3.844e-007 -6.293 -6.415 -0.123
MgHPO4 1.495e-007 1.495e-007 -6.825 -6.825 0.000
CaPO4- 6.783e-008 5.113e-008 -7.169 -7.291 -0.123
CaH2PO4+ 3.163e-008 2.385e-008 -7.500 -7.623 -0.123
MgH2PO4+ 8.108e-009 6.113e-009 -8.091 -8.214 -0.123
KHPO4- 5.128e-009 3.866e-009 -8.290 -8.413 -0.123
SrHPO4 3.047e-009 3.047e-009 -8.516 -8.516 0.000
MgPO4- 1.298e-010 9.786e-011 -9.887 -10.009 -0.123
PO4-3 8.298e-011 6.532e-012 -10.081 -11.185 -1.104
SrH2PO4+ 5.554e-011 3.371e-011 -10.255 -10.472 -0.217
H3PO4 1.494e-012 1.494e-012 -11.826 -11.826 0.000
FeHPO4 3.083e-014 3.083e-014 -13.511 -13.511 0.000
FeHPO4+ 2.817e-015 2.124e-015 -14.550 -14.673 -0.123
FeH2PO4+ 2.657e-015 2.003e-015 -14.576 -14.698 -0.123
FeH2PO4+2 4.061e-021 1.312e-021 -20.391 -20.882 -0.491

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -80.172 -80.389 -0.217
H2S 0.000e+000 0.000e+000 -80.650 -80.650 0.000
S5-2 0.000e+000 0.000e+000 -81.751 -82.618 -0.867
S6-2 0.000e+000 0.000e+000 -81.917 -82.785 -0.867
S4-2 0.000e+000 0.000e+000 -82.362 -83.229 -0.867
S3-2 0.000e+000 0.000e+000 -83.195 -84.062 -0.867
S2-2 0.000e+000 0.000e+000 -84.250 -85.117 -0.867
S-2 0.000e+000 0.000e+000 -90.155 -90.662 -0.507
Fe(HS)2 0.000e+000 0.000e+000 -162.644 -162.644 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -240.779 -240.995 -0.217

S(6) 5.534e-002
SO4-2 3.723e-002 1.203e-002 -1.429 -1.920 -0.491
NaSO4- 8.635e-003 6.510e-003 -2.064 -2.186 -0.123
CaSO4 8.480e-003 8.480e-003 -2.072 -2.072 0.000
MgSO4 8.479e-004 8.479e-004 -3.072 -3.072 0.000
KSO4- 1.041e-004 7.845e-005 -3.983 -4.105 -0.123
SrSO4 3.865e-005 3.865e-005 -4.413 -4.413 0.000
MnSO4 8.905e-007 8.905e-007 -6.050 -6.050 0.000
HSO4- 3.259e-008 2.404e-008 -7.487 -7.619 -0.132
FeSO4 3.803e-011 3.803e-011 -10.420 -10.420 0.000
AlSO4+ 3.705e-012 2.732e-012 -11.431 -11.563 -0.132
Al(SO4)2- 6.736e-013 4.968e-013 -12.172 -12.304 -0.132
FeSO4+ 2.797e-017 2.089e-017 -16.553 -16.680 -0.127
Fe(SO4)2- 1.002e-017 6.082e-018 -16.999 -17.216 -0.217

Se(-2) 3.672e-040
HSe- 3.672e-040 2.229e-040 -39.435 -39.652 -0.217
H2Se 0.000e+000 0.000e+000 -43.278 -43.278 0.000
MnSe 0.000e+000 0.000e+000 -43.852 -43.852 0.000
Se-2 0.000e+000 0.000e+000 -46.746 -47.613 -0.867

Se(4) 6.014e-006
HSeO3- 4.040e-006 2.452e-006 -5.394 -5.610 -0.217
SeO3-2 1.974e-006 2.680e-007 -5.705 -6.572 -0.867
H2SeO3 2.998e-011 2.998e-011 -10.523 -10.523 0.000
FeHSeO3+2 7.387e-021 1.003e-021 -20.132 -20.999 -0.867

Se(6) 3.095e-010
SeO4-2 3.095e-010 1.000e-010 -9.509 -10.000 -0.491
MnSeO4 1.000e-014 1.000e-014 -14.000 -14.000 0.000
HSeO4- 1.653e-016 1.003e-016 -15.782 -15.999 -0.217

Si 5.912e-005
H4SiO4 5.888e-005 6.151e-005 -4.230 -4.211 0.019
H3SiO4- 2.436e-007 1.772e-007 -6.613 -6.752 -0.138
H2SiO4-2 4.404e-013 1.423e-013 -12.356 -12.847 -0.491
SiF6-2 1.140e-030 3.546e-031 -29.943 -30.450 -0.507

Sr 9.805e-005
Sr+2 5.913e-005 1.911e-005 -4.228 -4.719 -0.491
SrSO4 3.865e-005 3.865e-005 -4.413 -4.413 0.000
SrHCO3+ 2.487e-007 1.900e-007 -6.604 -6.721 -0.117
SrCO3 8.827e-009 8.827e-009 -8.054 -8.054 0.000
SrHPO4 3.047e-009 3.047e-009 -8.516 -8.516 0.000
SrF+ 2.388e-009 1.450e-009 -8.622 -8.839 -0.217
SrH2PO4+ 5.554e-011 3.371e-011 -10.255 -10.472 -0.217
SrOH+ 1.413e-011 1.055e-011 -10.850 -10.977 -0.127

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.65 9.18 11.83 Al(OH)3
Al2(MoO4)3 -48.48 -43.70 4.79 Al2(MoO4)3
Al2O3 -3.69 18.36 22.05 Al2O3
Al4(OH)10SO4 -2.88 19.82 22.70 Al4(OH)10SO4
AlAsO4:2H2O -7.41 -2.61 4.80 AlAsO4:2H2O
AlOHSO4 -4.48 -7.71 -3.23 AlOHSO4
Alunite -2.31 -1.76 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.07 -4.37 -4.29 CaSO4
Aragonite -0.22 -8.41 -8.19 CaCO3
Arsenolite -68.76 -72.07 -3.32 As4O6
Artinite -8.43 2.29 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -30.48 -23.56 6.92 As2O5
Ba(OH)2:8H2O -18.22 6.68 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 5.53 -3.48 -9.01 Ba3(AsO4)2
BaF2 -11.46 -17.31 -5.86 BaF2
BaHPO4 -7.17 -26.94 -19.77 BaHPO4
BaMoO4 -6.93 -13.99 -7.06 BaMoO4
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Barite 0.00 -10.19 -10.19 BaSO4
BaS -97.36 -81.18 16.18 BaS
BaSeO3 -8.12 -6.40 1.72 BaSeO3
BaSeO4 -10.61 -18.27 -7.66 BaSeO4
Birnessite -9.47 8.62 18.09 MnO2
Bixbyite -9.57 -9.06 0.51 Mn2O3
Boehmite -0.49 9.18 9.67 AlOOH
Brucite -6.29 11.61 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -8.30 14.00 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) -0.29 -29.71 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -3.75 -50.83 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.55 -21.12 -19.56 CaHPO4
CaHPO4:2H2O -1.91 -21.12 -19.21 CaHPO4:2H2O
Calcite 0.00 -8.41 -8.41 CaCO3
CaMoO4 -0.23 -8.16 -7.93 CaMoO4
CaSeO3:2H2O -3.57 -0.57 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.51 -12.45 -2.94 CaSeO4:2H2O
Celestite -0.00 -6.64 -6.64 SrSO4
CH4(g) -82.70 -126.13 -43.43 CH4
Chalcedony -0.47 -4.21 -3.73 SiO2
Chrysotile -7.61 26.41 34.02 Mg3Si2O5(OH)4
Claudetite -68.49 -72.07 -3.58 As4O6
CO2(g) -2.74 -20.93 -18.18 CO2
Cristobalite -0.67 -4.21 -3.54 SiO2
Cryolite -9.16 -43.35 -34.19 Na3AlF6
Diaspore 1.35 9.18 7.83 AlOOH
Dolomite(disordered) -1.61 -17.72 -16.11 CaMg(CO3)2
Dolomite(ordered) -1.00 -17.72 -16.72 CaMg(CO3)2
Epsomite -3.06 -5.29 -2.23 MgSO4:7H2O
FCO3Apatite 20.26 -95.67 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -9.41 4.15 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 4.18 1.14 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -6.90 -5.35 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -10.91 -31.54 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -41.43 -42.92 -1.49 Fe2(SO4)3
Fe3(OH)8 -8.33 11.89 20.22 Fe3(OH)8
FeAsO4:2H2O -8.31 -7.91 0.40 FeAsO4:2H2O
FeMoO4 -6.54 -16.53 -9.99 FeMoO4
Ferrihydrite 0.00 3.87 3.87 Fe(OH)3
Ferroselite -44.78 -63.82 -19.03 FeSe2
FeS(ppt) -80.87 -83.72 -2.85 FeS
FeSe -31.96 -42.98 -11.02 FeSe
Fluorite -0.91 -11.48 -10.57 CaF2
Gibbsite 0.00 9.18 9.18 Al(OH)3
Goethite 2.82 3.87 1.05 FeOOH
Greenalite -16.77 4.04 20.81 Fe3Si2O5(OH)4
Greigite -294.55 -339.59 -45.03 Fe3S4
Gypsum 0.25 -4.37 -4.62 CaSO4:2H2O
H-Jarosite -12.20 -22.16 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -7.35 -20.69 -13.33 H2MoO4
H2S(g) -79.86 -87.87 -8.01 H2S
H2Se(g) -42.32 -47.14 -4.82 H2Se
Halite -4.17 -2.60 1.57 NaCl
Halloysite -1.32 9.94 11.26 Al2Si2O5(OH)4
Hausmannite -12.63 52.31 64.94 Mn3O4
Hematite 7.97 7.75 -0.22 Fe2O3
Hercynite -3.30 22.51 25.81 FeAl2O4
Huntite -7.39 -36.36 -28.97 CaMg3(CO3)4
Hydromagnesite -18.93 -25.67 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 6.03 -38.30 -44.33 Ca5(PO4)3OH
K-Alum -14.68 -20.13 -5.45 KAl(SO4)2:12H2O
K-Jarosite -4.09 -17.67 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -15.00 -11.71 3.29 K2MoO4
K2SeO4 -15.27 -16.00 -0.73 K2SeO4
Kaolinite 1.13 9.94 8.81 Al2Si2O5(OH)4
Lepidocrocite 2.50 3.87 1.37 FeOOH
Lime -21.98 12.52 34.50 CaO
Mackinawite -80.12 -83.72 -3.60 FeS
Maghemite 1.36 7.75 6.39 Fe2O3
Magnesioferrite -0.09 19.36 19.45 Fe2MgO4
Magnesite -1.67 -9.32 -7.65 MgCO3
Magnetite 6.56 11.90 5.34 Fe3O4
Manganite -3.52 21.82 25.34 MnOOH
Melanterite -10.35 -12.75 -2.40 FeSO4:7H2O
Mg(OH)2(active) -7.19 11.61 18.79 Mg(OH)2
Mg3(PO4)2 -9.16 -32.44 -23.28 Mg3(PO4)2
MgF2 -4.34 -12.40 -8.06 MgF2
MgHPO4:3H2O -3.86 -22.03 -18.18 MgHPO4:3H2O
MgMoO4 -7.22 -9.07 -1.85 MgMoO4
MgSeO3:6H2O -4.50 -1.49 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.17 -13.37 -1.20 MgSeO4:6H2O
Mirabilite -2.06 -3.91 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -55.53 -59.73 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -10.07 2.43 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -17.36 -41.27 -23.91 Mn3(PO4)2
MnCl2:4H2O -12.34 -9.53 2.82 MnCl2:4H2O
MnHPO4 0.43 -24.97 -25.40 MnHPO4
MnS(grn) -79.67 -79.20 0.47 MnS
MnS(pnk) -82.54 -79.20 3.34 MnS
MnSe -42.88 -38.47 4.41 MnSe
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MnSeO3 -5.56 -4.43 1.13 MnSeO3
MnSeO3:2H2O -5.33 -4.43 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.26 -16.31 -2.05 MnSeO4:5H2O
MnSO4 -11.40 -8.22 3.18 MnSO4
MoO3 -12.68 -20.68 -8.00 MoO3
MoS2 -148.86 -222.73 -73.87 MoS2
Na-Jarosite -5.87 -15.66 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -11.26 -28.38 -17.12 Na2Mo2O7
Na2MoO4 -9.27 -7.69 1.58 Na2MoO4
Na2MoO4:2H2O -8.92 -7.69 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -10.41 -0.11 10.30 Na2SeO3:5H2O
Na2SeO4 -13.25 -11.97 1.28 Na2SeO4
Natron -6.03 -7.95 -1.92 Na2CO3:10H2O
Nesquehonite -4.88 -9.32 -4.45 MgCO3:3H2O
Nsutite -8.89 8.62 17.50 MnO2
O2(g) -35.79 52.60 88.39 O2
Orpiment -235.33 -299.65 -64.32 As2S3
Periclase -11.38 11.61 22.99 MgO
Portlandite -11.48 12.52 24.00 Ca(OH)2
Pyrite -126.32 -145.29 -18.97 FeS2
Pyrochroite -7.43 8.67 16.09 Mn(OH)2
Pyrolusite -8.94 34.97 43.90 MnO2
Quartz 0.00 -4.21 -4.21 SiO2
Realgar -98.11 -119.04 -20.93 AsS
Rhodochrosite -1.70 -12.26 -10.56 MnCO3
Semetal(am) -13.62 -20.83 -7.21 Se
Semetal(hex -12.98 -20.83 -7.86 Se
SeO2 -13.21 -13.09 0.11 SeO2
SeO3 -47.37 -24.97 22.40 SeO3
Sepiolite -6.23 10.59 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -8.19 10.59 18.78 Mg2Si3O7.5OH:3H2O
Siderite -6.68 -16.78 -10.09 FeCO3
SiO2(am-gel) -1.37 -4.21 -2.84 SiO2
SiO2(am-ppt) -1.33 -4.21 -2.88 SiO2
Spinel -10.48 29.97 40.45 MgAl2O4
SrF2 -5.14 -13.76 -8.62 SrF2
SrHPO4 -4.09 -23.39 -19.30 SrHPO4
SrSeO3 -5.14 -2.84 2.30 SrSeO3
SrSeO4 -10.32 -14.72 -4.40 SrSeO4
Strengite -3.45 -29.77 -26.31 FePO4:2H2O
Strontianite -1.41 -10.68 -9.27 SrCO3
Sulfur -59.58 -61.57 -1.99 S
Thenardite -4.30 -3.89 0.41 Na2SO4
Thermonatrite -8.67 -7.94 0.73 Na2CO3:H2O
Vivianite -18.83 -54.83 -36.00 Fe3(PO4)2:8H2O
Witherite -5.63 -14.23 -8.61 BaCO3

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------
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Appendix C – 10. Beal Mountain RO Water Treatment Facility PHREEQC Modeling Data –
End of 2015, Modeling 16.5 MG Treated Water Discharged

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.18.5570\database\minteq.v4.dat

Solution 1 - Beal Mtn 2015 End of Season, Assume Discharge 16.5 MG
pH 8.9
temp 10
Units mg/L
Alkalinity 176.1332
As 0.660
Cl 1219.8392
F 0.89
P 0.15
Se 0.50
Si 12.27
S(6) 7860.66
Al 0.10
Ba 0.01
Ca 1791.93
Fe 0.00088
Mg 56.91849488
Mn 0.266868846
Mo 0.603223981
K 59.26843985
Na 3525.394138
Sr 12.74772425
EQUILIBRIUM_PHASES 1
Barite 0 0
Gypsum 0.25 10 #Assume ~178% saturation
Calcite 0 0
Celestite 0 0
Ca3(PO4)2(beta) 0 0
Ferrihydrite 0 0
Fluorite 0 0
Gibbsite 0 0
Quartz 0 0
SiO2(am-gel) 0 0
SiO2(am-ppt) 0 0
SrF2 0 0
Strontianite 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 2015 End of Season, Assume Discharge 16.5 MG

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 3.762e-006 3.762e-006
Alkalinity 2.930e-003 2.930e-003
As 8.941e-006 8.941e-006
Ba 7.391e-008 7.391e-008
Ca 4.538e-002 4.538e-002
Cl 3.492e-002 3.492e-002
F 4.755e-005 4.755e-005
Fe 1.599e-008 1.599e-008
K 1.539e-003 1.539e-003
Mg 2.377e-003 2.377e-003
Mn 4.930e-006 4.930e-006
Mo 6.381e-006 6.381e-006
Na 1.556e-001 1.556e-001
P 4.915e-006 4.915e-006
S(6) 8.305e-002 8.305e-002
Se 6.427e-006 6.427e-006
Si 2.073e-004 2.073e-004
Sr 1.477e-004 1.477e-004

----------------------------Description of solution----------------------------
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pH = 8.900
pe = 4.000

Activity of water = 0.995
Ionic strength = 2.451e-001

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 2.360e-003

Total CO2 (mol/kg) = 2.360e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 4.898e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 14.32

Iterations = 11
Total H = 1.110164e+002
Total O = 5.584705e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.470e-006 2.415e-006 -5.460 -5.617 -0.157
H+ 1.691e-009 1.259e-009 -8.772 -8.900 -0.128
H2O 5.551e+001 9.951e-001 1.744 -0.002 0.000

Al 3.762e-006
Al(OH)4- 3.654e-006 2.631e-006 -5.437 -5.580 -0.143
Al(OH)3 1.064e-007 1.064e-007 -6.973 -6.973 0.000
Al(OH)2+ 9.074e-010 6.702e-010 -9.042 -9.174 -0.132
AlOH+2 1.283e-013 3.816e-014 -12.892 -13.418 -0.526
AlF2+ 5.845e-014 4.317e-014 -13.233 -13.365 -0.132
AlF3 1.680e-014 1.680e-014 -13.775 -13.775 0.000
AlF+2 1.265e-014 3.764e-015 -13.898 -14.424 -0.526
AlSO4+ 1.187e-015 8.547e-016 -14.926 -15.068 -0.143
AlF4- 3.646e-016 2.625e-016 -15.438 -15.581 -0.143
Al(SO4)2- 2.698e-016 1.943e-016 -15.569 -15.712 -0.143
Al+3 1.897e-016 1.332e-017 -15.722 -16.875 -1.154
AlMo6O21-3 0.000e+000 0.000e+000 -47.306 -49.523 -2.217

As(3) 5.328e-021
H3AsO3 3.804e-021 3.804e-021 -20.420 -20.420 0.000
H2AsO3- 1.521e-021 8.627e-022 -20.818 -21.064 -0.246
HAsO3-2 3.049e-024 3.154e-025 -23.516 -24.501 -0.985
AsO3-3 9.261e-028 5.622e-030 -27.033 -29.250 -2.217
H4AsO3+ 4.183e-030 2.373e-030 -29.378 -29.625 -0.246

As(5) 8.941e-006
HAsO4-2 8.664e-006 8.963e-007 -5.062 -6.048 -0.985
AsO4-3 2.579e-007 1.566e-009 -6.589 -8.805 -2.217
H2AsO4- 1.935e-008 1.097e-008 -7.713 -7.960 -0.246
H3AsO4 1.949e-015 2.063e-015 -14.710 -14.686 0.025

Ba 7.391e-008
Ba+2 7.344e-008 2.256e-008 -7.134 -7.647 -0.513
BaCO3 2.652e-010 2.652e-010 -9.576 -9.576 0.000
BaHCO3+ 1.994e-010 1.495e-010 -9.700 -9.825 -0.125
BaOH+ 2.925e-013 2.137e-013 -12.534 -12.670 -0.136

C(4) 2.360e-003
HCO3- 1.603e-003 1.184e-003 -2.795 -2.927 -0.132
CaCO3 2.629e-004 2.629e-004 -3.580 -3.580 0.000
CaHCO3+ 1.388e-004 1.040e-004 -3.858 -3.983 -0.125
NaCO3- 1.347e-004 9.946e-005 -3.871 -4.002 -0.132
CO3-2 1.051e-004 3.227e-005 -3.979 -4.491 -0.513
NaHCO3 9.566e-005 9.566e-005 -4.019 -4.019 0.000
MgCO3 8.639e-006 8.639e-006 -5.064 -5.064 0.000
MgHCO3+ 6.529e-006 4.626e-006 -5.185 -5.335 -0.150
H2CO3 4.077e-006 4.077e-006 -5.390 -5.390 0.000
SrHCO3+ 3.813e-007 2.858e-007 -6.419 -6.544 -0.125
SrCO3 3.452e-007 3.452e-007 -6.462 -6.462 0.000
MnHCO3+ 1.222e-008 8.931e-009 -7.913 -8.049 -0.136
BaCO3 2.652e-010 2.652e-010 -9.576 -9.576 0.000
BaHCO3+ 1.994e-010 1.495e-010 -9.700 -9.825 -0.125
FeHCO3+ 3.610e-015 2.706e-015 -14.442 -14.568 -0.125

Ca 4.538e-002
Ca+2 2.356e-002 7.235e-003 -1.628 -2.141 -0.513
CaSO4 2.141e-002 2.141e-002 -1.669 -1.669 0.000
CaCO3 2.629e-004 2.629e-004 -3.580 -3.580 0.000
CaHCO3+ 1.388e-004 1.040e-004 -3.858 -3.983 -0.125
CaF+ 2.498e-006 1.825e-006 -5.602 -5.739 -0.136
CaPO4- 2.004e-006 1.480e-006 -5.698 -5.830 -0.132
CaHPO4 9.851e-007 9.851e-007 -6.007 -6.007 0.000
CaOH+ 3.894e-007 2.920e-007 -6.410 -6.535 -0.125
CaH2PO4+ 1.383e-009 1.022e-009 -8.859 -8.991 -0.132

Cl 3.492e-002
Cl- 3.492e-002 2.600e-002 -1.457 -1.585 -0.128
MnCl+ 1.845e-008 1.348e-008 -7.734 -7.870 -0.136
MnCl2 4.950e-010 4.950e-010 -9.305 -9.305 0.000
MnCl3- 4.851e-012 3.544e-012 -11.314 -11.451 -0.136
FeCl+2 1.560e-022 4.444e-023 -21.807 -22.352 -0.545
FeCl2+ 1.155e-023 8.436e-024 -22.938 -23.074 -0.136
FeCl3 2.193e-026 2.193e-026 -25.659 -25.659 0.000

F 4.755e-005
F- 4.188e-005 3.118e-005 -4.378 -4.506 -0.128
CaF+ 2.498e-006 1.825e-006 -5.602 -5.739 -0.136
NaF 1.631e-006 1.631e-006 -5.788 -5.788 0.000
MgF+ 1.531e-006 1.102e-006 -5.815 -5.958 -0.143
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SrF+ 3.504e-009 1.987e-009 -8.455 -8.702 -0.246
MnF+ 5.531e-010 4.041e-010 -9.257 -9.394 -0.136
HF 4.369e-011 4.369e-011 -10.360 -10.360 0.000
AlF2+ 5.845e-014 4.317e-014 -13.233 -13.365 -0.132
AlF3 1.680e-014 1.680e-014 -13.775 -13.775 0.000
AlF+2 1.265e-014 3.764e-015 -13.898 -14.424 -0.526
HF2- 6.817e-015 4.745e-015 -14.166 -14.324 -0.157
AlF4- 3.646e-016 2.625e-016 -15.438 -15.581 -0.143
H2F2 9.030e-021 9.030e-021 -20.044 -20.044 0.000
FeF+2 8.965e-021 2.555e-021 -20.047 -20.593 -0.545
FeF2+ 2.512e-021 1.835e-021 -20.600 -20.736 -0.136
FeF3 6.248e-023 6.248e-023 -22.204 -22.204 0.000
SiF6-2 1.054e-035 3.005e-036 -34.977 -35.522 -0.545

Fe(2) 3.206e-012
Fe+2 2.398e-012 2.481e-013 -11.620 -12.605 -0.985
FeSO4 7.718e-013 7.718e-013 -12.113 -12.113 0.000
FeOH+ 3.264e-014 2.385e-014 -13.486 -13.623 -0.136
FeHCO3+ 3.610e-015 2.706e-015 -14.442 -14.568 -0.125
FeHPO4 2.759e-016 2.759e-016 -15.559 -15.559 0.000
Fe(OH)3- 1.148e-016 8.390e-017 -15.940 -16.076 -0.136
Fe(OH)2 3.856e-017 3.856e-017 -16.414 -16.414 0.000
FeH2PO4+ 9.341e-019 6.899e-019 -18.030 -18.161 -0.132

Fe(3) 1.599e-008
Fe(OH)4- 1.263e-008 9.326e-009 -7.899 -8.030 -0.132
Fe(OH)2+ 1.993e-009 1.472e-009 -8.700 -8.832 -0.132
Fe(OH)3 1.369e-009 1.369e-009 -8.863 -8.863 0.000
FeOH+2 6.829e-016 1.946e-016 -15.166 -15.711 -0.545
FeHPO4+ 5.553e-019 4.102e-019 -18.255 -18.387 -0.132
FeSO4+ 1.252e-020 9.150e-021 -19.902 -20.039 -0.136
FeF+2 8.965e-021 2.555e-021 -20.047 -20.593 -0.545
Fe(SO4)2- 5.871e-021 3.330e-021 -20.231 -20.478 -0.246
FeF2+ 2.512e-021 1.835e-021 -20.600 -20.736 -0.136
Fe+3 1.318e-021 9.253e-023 -20.880 -22.034 -1.154
FeCl+2 1.560e-022 4.444e-023 -21.807 -22.352 -0.545
FeF3 6.248e-023 6.248e-023 -22.204 -22.204 0.000
FeCl2+ 1.155e-023 8.436e-024 -22.938 -23.074 -0.136
FeHSeO3+2 3.047e-025 3.152e-026 -24.516 -25.501 -0.985
FeH2PO4+2 3.276e-026 9.750e-027 -25.485 -26.011 -0.526
FeCl3 2.193e-026 2.193e-026 -25.659 -25.659 0.000
Fe2(OH)2+4 1.907e-026 2.185e-030 -25.720 -29.660 -3.941
Fe3(OH)4+5 5.682e-032 3.952e-038 -31.246 -37.403 -6.158

H(0) 2.482e-029
H2 1.241e-029 1.313e-029 -28.906 -28.882 0.025

K 1.539e-003
K+ 1.401e-003 1.043e-003 -2.854 -2.982 -0.128
KSO4- 1.377e-004 1.017e-004 -3.861 -3.993 -0.132
KHPO4- 2.992e-009 2.210e-009 -8.524 -8.656 -0.132

Mg 2.377e-003
Mg+2 1.354e-003 4.159e-004 -2.868 -3.381 -0.513
MgSO4 1.005e-003 1.005e-003 -2.998 -2.998 0.000
MgCO3 8.639e-006 8.639e-006 -5.064 -5.064 0.000
MgHCO3+ 6.529e-006 4.626e-006 -5.185 -5.335 -0.150
MgF+ 1.531e-006 1.102e-006 -5.815 -5.958 -0.143
MgOH+ 4.081e-007 3.094e-007 -6.389 -6.509 -0.120
MgHPO4 7.817e-008 7.817e-008 -7.107 -7.107 0.000
MgPO4- 1.801e-009 1.330e-009 -8.745 -8.876 -0.132
MgH2PO4+ 1.665e-010 1.230e-010 -9.779 -9.910 -0.132

Mn(2) 4.930e-006
Mn+2 3.981e-006 4.118e-007 -5.400 -6.385 -0.985
MnSO4 9.144e-007 9.144e-007 -6.039 -6.039 0.000
MnCl+ 1.845e-008 1.348e-008 -7.734 -7.870 -0.136
MnHCO3+ 1.222e-008 8.931e-009 -7.913 -8.049 -0.136
MnOH+ 3.419e-009 2.498e-009 -8.466 -8.602 -0.136
MnF+ 5.531e-010 4.041e-010 -9.257 -9.394 -0.136
MnCl2 4.950e-010 4.950e-010 -9.305 -9.305 0.000
MnCl3- 4.851e-012 3.544e-012 -11.314 -11.451 -0.136
MnSeO4 6.021e-015 6.021e-015 -14.220 -14.220 0.000
Mn(OH)3- 4.411e-015 3.223e-015 -14.355 -14.492 -0.136
Mn(OH)4-2 2.906e-019 8.282e-020 -18.537 -19.082 -0.545
MnSe 0.000e+000 0.000e+000 -42.061 -42.061 0.000

Mn(3) 2.617e-028
Mn+3 2.617e-028 1.838e-029 -27.582 -28.736 -1.154

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -43.670 -44.215 -0.545

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -50.457 -50.623 -0.166

Mo 6.381e-006
MoO4-2 6.381e-006 1.960e-006 -5.195 -5.708 -0.513
HMoO4- 5.646e-011 3.202e-011 -10.248 -10.495 -0.246
H2MoO4 7.891e-016 7.891e-016 -15.103 -15.103 0.000
Mo7O24-6 0.000e+000 0.000e+000 -47.173 -56.040 -8.867
AlMo6O21-3 0.000e+000 0.000e+000 -47.306 -49.523 -2.217
HMo7O24-5 0.000e+000 0.000e+000 -52.488 -58.646 -6.158
H2Mo7O24-4 0.000e+000 0.000e+000 -58.850 -62.791 -3.941
H3Mo7O24-3 0.000e+000 0.000e+000 -66.210 -68.427 -2.217

Na 1.556e-001
Na+ 1.439e-001 1.072e-001 -0.842 -0.970 -0.128
NaSO4- 1.147e-002 8.470e-003 -1.941 -2.072 -0.132
NaCO3- 1.347e-004 9.946e-005 -3.871 -4.002 -0.132
NaHCO3 9.566e-005 9.566e-005 -4.019 -4.019 0.000
NaF 1.631e-006 1.631e-006 -5.788 -5.788 0.000
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NaHPO4- 4.762e-007 3.517e-007 -6.322 -6.454 -0.132
O(0) 2.589e-039

O2 1.295e-039 1.370e-039 -38.888 -38.863 0.025
P 4.915e-006

CaPO4- 2.004e-006 1.480e-006 -5.698 -5.830 -0.132
HPO4-2 1.351e-006 3.849e-007 -5.869 -6.415 -0.545
CaHPO4 9.851e-007 9.851e-007 -6.007 -6.007 0.000
NaHPO4- 4.762e-007 3.517e-007 -6.322 -6.454 -0.132
MgHPO4 7.817e-008 7.817e-008 -7.107 -7.107 0.000
H2PO4- 1.104e-008 8.152e-009 -7.957 -8.089 -0.132
KHPO4- 2.992e-009 2.210e-009 -8.524 -8.656 -0.132
SrHPO4 2.233e-009 2.233e-009 -8.651 -8.651 0.000
MgPO4- 1.801e-009 1.330e-009 -8.745 -8.876 -0.132
CaH2PO4+ 1.383e-009 1.022e-009 -8.859 -8.991 -0.132
PO4-3 1.333e-009 9.358e-011 -8.875 -10.029 -1.154
MgH2PO4+ 1.665e-010 1.230e-010 -9.779 -9.910 -0.132
SrH2PO4+ 1.676e-012 9.504e-013 -11.776 -12.022 -0.246
H3PO4 1.219e-015 1.219e-015 -14.914 -14.914 0.000
FeHPO4 2.759e-016 2.759e-016 -15.559 -15.559 0.000
FeH2PO4+ 9.341e-019 6.899e-019 -18.030 -18.161 -0.132
FeHPO4+ 5.553e-019 4.102e-019 -18.255 -18.387 -0.132
FeH2PO4+2 3.276e-026 9.750e-027 -25.485 -26.011 -0.526

S(6) 8.305e-002
SO4-2 4.896e-002 1.504e-002 -1.310 -1.823 -0.513
CaSO4 2.141e-002 2.141e-002 -1.669 -1.669 0.000
NaSO4- 1.147e-002 8.470e-003 -1.941 -2.072 -0.132
MgSO4 1.005e-003 1.005e-003 -2.998 -2.998 0.000
KSO4- 1.377e-004 1.017e-004 -3.861 -3.993 -0.132
SrSO4 6.423e-005 6.423e-005 -4.192 -4.192 0.000
MnSO4 9.144e-007 9.144e-007 -6.039 -6.039 0.000
HSO4- 1.606e-009 1.156e-009 -8.794 -8.937 -0.143
FeSO4 7.718e-013 7.718e-013 -12.113 -12.113 0.000
AlSO4+ 1.187e-015 8.547e-016 -14.926 -15.068 -0.143
Al(SO4)2- 2.698e-016 1.943e-016 -15.569 -15.712 -0.143
FeSO4+ 1.252e-020 9.150e-021 -19.902 -20.039 -0.136
Fe(SO4)2- 5.871e-021 3.330e-021 -20.231 -20.478 -0.246

Se(-2) 1.135e-039
HSe- 1.135e-039 6.438e-040 -38.945 -39.191 -0.246
MnSe 0.000e+000 0.000e+000 -42.061 -42.061 0.000
H2Se 0.000e+000 0.000e+000 -44.232 -44.232 0.000
Se-2 0.000e+000 0.000e+000 -44.753 -45.738 -0.985

Se(4) 6.427e-006
SeO3-2 6.039e-006 6.248e-007 -5.219 -6.204 -0.985
HSeO3- 3.878e-007 2.199e-007 -6.411 -6.658 -0.246
H2SeO3 1.035e-013 1.035e-013 -12.985 -12.985 0.000
FeHSeO3+2 3.047e-025 3.152e-026 -24.516 -25.501 -0.985

Se(6) 2.385e-010
SeO4-2 2.385e-010 7.327e-011 -9.622 -10.135 -0.513
MnSeO4 6.021e-015 6.021e-015 -14.220 -14.220 0.000
HSeO4- 4.986e-018 2.828e-018 -17.302 -17.549 -0.246

Si 2.073e-004
H4SiO4 1.864e-004 1.972e-004 -3.730 -3.705 0.025
H3SiO4- 2.085e-005 1.477e-005 -4.681 -4.831 -0.150
H2SiO4-2 1.036e-009 3.082e-010 -8.985 -9.511 -0.526
SiF6-2 1.054e-035 3.005e-036 -34.977 -35.522 -0.545

Sr 1.477e-004
Sr+2 8.270e-005 2.540e-005 -4.082 -4.595 -0.513
SrSO4 6.423e-005 6.423e-005 -4.192 -4.192 0.000
SrHCO3+ 3.813e-007 2.858e-007 -6.419 -6.544 -0.125
SrCO3 3.452e-007 3.452e-007 -6.462 -6.462 0.000
SrF+ 3.504e-009 1.987e-009 -8.455 -8.702 -0.246
SrHPO4 2.233e-009 2.233e-009 -8.651 -8.651 0.000
SrOH+ 4.985e-010 3.642e-010 -9.302 -9.439 -0.136
SrH2PO4+ 1.676e-012 9.504e-013 -11.776 -12.022 -0.246

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.01 9.82 11.83 Al(OH)3
Al2(MoO4)3 -55.66 -50.87 4.79 Al2(MoO4)3
Al2O3 -2.41 19.64 22.05 Al2O3
Al4(OH)10SO4 -3.05 19.65 22.70 Al4(OH)10SO4
AlAsO4:2H2O -9.67 -4.87 4.80 AlAsO4:2H2O
AlOHSO4 -6.57 -9.80 -3.23 AlOHSO4
Alunite -4.42 -3.87 0.55 KAl3(SO4)2(OH)6
Anhydrite 0.33 -3.96 -4.29 CaSO4
Aragonite 1.56 -6.63 -8.19 CaCO3
Arsenolite -78.35 -81.67 -3.32 As4O6
Artinite -4.18 6.54 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -36.28 -29.36 6.92 As2O5
Ba(OH)2:8H2O -14.77 10.13 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 10.10 1.09 -9.01 Ba3(AsO4)2
BaF2 -10.80 -16.66 -5.86 BaF2
BaHPO4 -6.80 -26.58 -19.77 BaHPO4
BaMoO4 -6.29 -13.35 -7.06 BaMoO4
Barite 0.72 -9.47 -10.19 BaSO4
BaSeO3 -7.12 -5.40 1.72 BaSeO3
BaSeO4 -10.12 -17.78 -7.66 BaSeO4
Birnessite -7.23 10.86 18.09 MnO2
Bixbyite -4.59 -4.08 0.51 Mn2O3
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Boehmite 0.15 9.82 9.67 AlOOH
Brucite -3.49 14.41 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -4.70 17.60 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) 2.94 -26.48 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -0.48 -47.56 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.51 -21.07 -19.56 CaHPO4
CaHPO4:2H2O -1.87 -21.07 -19.21 CaHPO4:2H2O
Calcite 1.77 -6.63 -8.41 CaCO3
CaMoO4 0.08 -7.85 -7.93 CaMoO4
CaSeO3:2H2O -2.90 0.10 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.34 -12.28 -2.94 CaSeO4:2H2O
Celestite 0.22 -6.42 -6.64 SrSO4
CH4(g) -82.05 -125.48 -43.43 CH4
Chalcedony 0.03 -3.70 -3.73 SiO2
Chrysotile 1.83 35.84 34.02 Mg3Si2O5(OH)4
Claudetite -78.09 -81.67 -3.58 As4O6
CO2(g) -4.10 -22.29 -18.18 CO2
Cristobalite -0.17 -3.70 -3.54 SiO2
Cryolite -12.63 -46.82 -34.19 Na3AlF6
Diaspore 1.99 9.82 7.83 AlOOH
Dolomite(disordered) 1.61 -14.50 -16.11 CaMg(CO3)2
Dolomite(ordered) 2.22 -14.50 -16.72 CaMg(CO3)2
Epsomite -2.99 -5.22 -2.23 MgSO4:7H2O
FCO3Apatite 30.45 -85.48 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -8.37 5.19 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 4.55 1.51 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -7.79 -6.23 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -16.72 -37.34 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -48.05 -49.54 -1.49 Fe2(SO4)3
Fe3(OH)8 -5.71 14.51 20.22 Fe3(OH)8
FeAsO4:2H2O -10.42 -10.02 0.40 FeAsO4:2H2O
FeMoO4 -8.33 -18.31 -9.99 FeMoO4
Ferrihydrite 0.79 4.66 3.87 Fe(OH)3
Ferroselite -46.15 -65.19 -19.03 FeSe2
FeSe -31.88 -42.90 -11.02 FeSe
Fluorite -0.58 -11.15 -10.57 CaF2
Gibbsite 0.64 9.82 9.18 Al(OH)3
Goethite 3.61 4.66 1.05 FeOOH
Greenalite -12.64 8.17 20.81 Fe3Si2O5(OH)4
Gypsum 0.65 -3.97 -4.62 CaSO4:2H2O
H-Jarosite -15.30 -25.26 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -10.18 -23.51 -13.33 H2MoO4
H2Se(g) -43.27 -48.09 -4.82 H2Se
Halite -4.12 -2.56 1.57 NaCl
Halloysite 0.98 12.24 11.26 Al2Si2O5(OH)4
Hausmannite -4.90 60.04 64.94 Mn3O4
Hematite 9.55 9.33 -0.22 Fe2O3
Hercynite -0.97 24.84 25.81 FeAl2O4
Huntite -1.28 -30.25 -28.97 CaMg3(CO3)4
Hydromagnesite -10.34 -17.08 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 12.44 -31.89 -44.33 Ca5(PO4)3OH
K-Alum -18.08 -23.53 -5.45 KAl(SO4)2:12H2O
K-Jarosite -5.76 -19.34 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -14.96 -11.67 3.29 K2MoO4
K2SeO4 -15.37 -16.10 -0.73 K2SeO4
Kaolinite 3.43 12.24 8.81 Al2Si2O5(OH)4
Lepidocrocite 3.29 4.66 1.37 FeOOH
Lime -18.84 15.66 34.50 CaO
Maghemite 2.94 9.33 6.39 Fe2O3
Magnesioferrite 4.29 23.74 19.45 Fe2MgO4
Magnesite -0.23 -7.87 -7.65 MgCO3
Magnetite 9.18 14.52 5.34 Fe3O4
Manganite -1.03 24.31 25.34 MnOOH
Melanterite -12.04 -14.44 -2.40 FeSO4:7H2O
Mg(OH)2(active) -4.38 14.41 18.79 Mg(OH)2
Mg3(PO4)2 -6.92 -30.20 -23.28 Mg3(PO4)2
MgF2 -4.34 -12.39 -8.06 MgF2
MgHPO4:3H2O -4.14 -22.32 -18.18 MgHPO4:3H2O
MgMoO4 -7.24 -9.09 -1.85 MgMoO4
MgSeO3:6H2O -4.16 -1.15 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.33 -13.53 -1.20 MgSeO4:6H2O
Mirabilite -1.93 -3.78 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -58.75 -62.94 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -7.64 4.86 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -15.30 -39.21 -23.91 Mn3(PO4)2
MnCl2:4H2O -12.38 -9.56 2.82 MnCl2:4H2O
MnHPO4 0.09 -25.31 -25.40 MnHPO4
MnSe -41.09 -36.68 4.41 MnSe
MnSeO3 -5.27 -4.14 1.13 MnSeO3
MnSeO3:2H2O -5.05 -4.15 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.48 -16.53 -2.05 MnSeO4:5H2O
MnSO4 -11.39 -8.21 3.18 MnSO4
MoO3 -15.51 -23.51 -8.00 MoO3
Na-Jarosite -7.53 -17.33 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -14.03 -31.15 -17.12 Na2Mo2O7
Na2MoO4 -9.23 -7.65 1.58 Na2MoO4
Na2MoO4:2H2O -8.88 -7.65 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -10.01 0.29 10.30 Na2SeO3:5H2O
Na2SeO4 -13.36 -12.08 1.28 Na2SeO4
Natron -4.53 -6.45 -1.92 Na2CO3:10H2O
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Nesquehonite -3.43 -7.88 -4.45 MgCO3:3H2O
Nsutite -6.64 10.86 17.50 MnO2
O2(g) -36.80 51.60 88.39 O2
Periclase -8.57 14.42 22.99 MgO
Portlandite -8.34 15.66 24.00 Ca(OH)2
Pyrochroite -4.68 11.41 16.09 Mn(OH)2
Pyrolusite -6.69 37.21 43.90 MnO2
Quartz 0.51 -3.70 -4.21 SiO2
Rhodochrosite -0.31 -10.88 -10.56 MnCO3
Semetal(am) -15.08 -22.29 -7.21 Se
Semetal(hex -14.44 -22.29 -7.86 Se
SeO2 -15.67 -15.56 0.11 SeO2
SeO3 -50.34 -27.93 22.40 SeO3
Sepiolite 0.91 17.72 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -1.06 17.72 18.78 Mg2Si3O7.5OH:3H2O
Siderite -7.01 -17.10 -10.09 FeCO3
SiO2(am-gel) -0.86 -3.70 -2.84 SiO2
SiO2(am-ppt) -0.82 -3.70 -2.88 SiO2
Spinel -6.39 34.06 40.45 MgAl2O4
SrF2 -4.99 -13.61 -8.62 SrF2
SrHPO4 -4.23 -23.52 -19.30 SrHPO4
SrSeO3 -4.65 -2.35 2.30 SrSeO3
SrSeO4 -10.33 -14.73 -4.40 SrSeO4
Strengite -5.75 -32.07 -26.31 FePO4:2H2O
Strontianite 0.18 -9.09 -9.27 SrCO3
Thenardite -4.17 -3.76 0.41 Na2SO4
Thermonatrite -7.17 -6.43 0.73 Na2CO3:H2O
Vivianite -21.89 -57.89 -36.00 Fe3(PO4)2:8H2O
Witherite -3.53 -12.14 -8.61 BaCO3

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 2015 End of Season, Assume Discharge 16.5 MG
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Barite 0.00 -10.19 -10.19 0.000e+000 5.768e-008 5.768e-008
Ca3(PO4)2(beta) -0.32 -29.74 -29.42 0.000e+000 0 0.000e+000
Calcite 0.00 -8.41 -8.41 0.000e+000 6.302e-004 6.302e-004
Celestite 0.00 -6.64 -6.64 0.000e+000 5.069e-005 5.069e-005
Ferrihydrite -0.00 3.87 3.87 0.000e+000 7.072e-009 7.072e-009
Fluorite -0.87 -11.44 -10.57 0.000e+000 0 0.000e+000
Gibbsite 0.00 9.18 9.18 0.000e+000 3.701e-006 3.701e-006
Gypsum 0.25 -4.37 -4.62 1.000e+001 1.003e+001 2.531e-002
Quartz 0.00 -4.21 -4.21 0.000e+000 1.484e-004 1.484e-004
SiO2(am-gel) -1.37 -4.21 -2.84 0.000e+000 0 0.000e+000
SiO2(am-ppt) -1.33 -4.21 -2.88 0.000e+000 0 0.000e+000
SrF2 -5.10 -13.71 -8.62 0.000e+000 0 0.000e+000
Strontianite -1.41 -10.68 -9.27 0.000e+000 0 0.000e+000

-----------------------------Solution composition------------------------------

Elements Molality Moles

Al 6.096e-008 6.090e-008
As 8.949e-006 8.941e-006
Ba 1.624e-008 1.623e-008
C 1.731e-003 1.730e-003
Ca 1.945e-002 1.943e-002
Cl 3.495e-002 3.492e-002
F 4.759e-005 4.755e-005
Fe 8.929e-009 8.921e-009
K 1.540e-003 1.539e-003
Mg 2.379e-003 2.377e-003
Mn 4.935e-006 4.930e-006
Mo 6.387e-006 6.381e-006
Na 1.558e-001 1.556e-001
P 4.920e-006 4.915e-006
S 5.774e-002 5.768e-002
Se 6.433e-006 6.427e-006
Si 5.896e-005 5.891e-005
Sr 9.706e-005 9.697e-005

----------------------------Description of solution----------------------------

pH = 7.977 Charge balance
pe = 5.673 Adjusted to redox

equilibrium
Activity of water = 0.996

Ionic strength = 1.991e-001
Mass of water (kg) = 9.991e-001

Total alkalinity (eq/kg) = 1.660e-003
Total CO2 (mol/kg) = 1.731e-003
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Temperature (deg C) = 10.000
Electrical balance (eq) = 4.898e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 16.56
Iterations = 19

Total H = 1.109151e+002
Total O = 5.569277e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.279e-007 9.114e-008 -6.893 -7.040 -0.147
H+ 4.439e-008 3.338e-008 -7.353 -7.477 -0.124
H2O 5.551e+001 9.957e-001 1.744 -0.002 0.000

Al 6.096e-008
Al(OH)4- 3.086e-008 2.266e-008 -7.511 -7.645 -0.134
Al(OH)3 2.428e-008 2.428e-008 -7.615 -7.615 0.000
Al(OH)2+ 5.395e-009 4.052e-009 -8.268 -8.392 -0.124
AlF2+ 2.612e-010 1.962e-010 -9.583 -9.707 -0.124
AlF3 7.899e-011 7.899e-011 -10.102 -10.102 0.000
AlF+2 5.195e-011 1.653e-011 -10.284 -10.782 -0.497
AlOH+2 1.921e-011 6.114e-012 -10.716 -11.214 -0.497
AlSO4+ 4.063e-012 2.983e-012 -11.391 -11.525 -0.134
AlF4- 1.739e-012 1.277e-012 -11.760 -11.894 -0.134
Al(SO4)2- 7.593e-013 5.575e-013 -12.120 -12.254 -0.134
Al+3 7.352e-013 5.654e-014 -12.134 -13.248 -1.114
AlMo6O21-3 5.618e-036 5.645e-038 -35.250 -37.248 -1.998

As(3) 1.038e-018
H3AsO3 1.023e-018 1.023e-018 -17.990 -17.990 0.000
H2AsO3- 1.459e-020 8.750e-021 -19.836 -20.058 -0.222
HAsO3-2 9.323e-025 1.207e-025 -24.030 -24.918 -0.888
H4AsO3+ 2.820e-026 1.692e-026 -25.550 -25.772 -0.222
AsO3-3 8.074e-030 8.113e-032 -29.093 -31.091 -1.998

As(5) 8.949e-006
HAsO4-2 8.357e-006 1.082e-006 -5.078 -5.966 -0.888
H2AsO4- 5.853e-007 3.510e-007 -6.233 -6.455 -0.222
AsO4-3 7.092e-009 7.126e-011 -8.149 -10.147 -1.998
H3AsO4 1.671e-012 1.750e-012 -11.777 -11.757 0.020

Ba 1.624e-008
Ba+2 1.620e-008 5.181e-009 -7.790 -8.286 -0.495
BaHCO3+ 4.176e-011 3.179e-011 -10.379 -10.498 -0.119
BaCO3 2.127e-012 2.127e-012 -11.672 -11.672 0.000
BaOH+ 2.490e-015 1.852e-015 -14.604 -14.732 -0.129

C(4) 1.731e-003
HCO3- 1.460e-003 1.096e-003 -2.836 -2.960 -0.124
H2CO3 1.001e-004 1.001e-004 -4.000 -4.000 0.000
NaHCO3 9.086e-005 9.086e-005 -4.042 -4.042 0.000
CaHCO3+ 6.097e-005 4.641e-005 -4.215 -4.333 -0.119
MgHCO3+ 6.592e-006 4.772e-006 -5.181 -5.321 -0.140
NaCO3- 4.744e-006 3.563e-006 -5.324 -5.448 -0.124
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CO3-2 3.524e-006 1.127e-006 -5.453 -5.948 -0.495
MgCO3 3.361e-007 3.361e-007 -6.473 -6.473 0.000
SrHCO3+ 2.545e-007 1.937e-007 -6.594 -6.713 -0.119
MnHCO3+ 1.384e-008 1.029e-008 -7.859 -7.987 -0.129
SrCO3 8.822e-009 8.822e-009 -8.054 -8.054 0.000
BaHCO3+ 4.176e-011 3.179e-011 -10.379 -10.498 -0.119
BaCO3 2.127e-012 2.127e-012 -11.672 -11.672 0.000
FeHCO3+ 2.120e-013 1.614e-013 -12.674 -12.792 -0.119

Ca 1.945e-002
Ca+2 1.090e-002 3.486e-003 -1.963 -2.458 -0.495
CaSO4 8.484e-003 8.484e-003 -2.071 -2.071 0.000
CaHCO3+ 6.097e-005 4.641e-005 -4.215 -4.333 -0.119
CaCO3 4.423e-006 4.423e-006 -5.354 -5.354 0.000
CaF+ 1.223e-006 9.100e-007 -5.912 -6.041 -0.129
CaHPO4 8.811e-007 8.811e-007 -6.055 -6.055 0.000
CaPO4- 6.648e-008 4.993e-008 -7.177 -7.302 -0.124
CaH2PO4+ 3.226e-008 2.423e-008 -7.491 -7.616 -0.124
CaOH+ 6.975e-009 5.309e-009 -8.156 -8.275 -0.119

Cl 3.495e-002
Cl- 3.495e-002 2.628e-002 -1.457 -1.580 -0.124
MnCl+ 2.280e-008 1.696e-008 -7.642 -7.770 -0.129
MnCl2 6.298e-010 6.298e-010 -9.201 -9.201 0.000
MnCl3- 6.129e-012 4.559e-012 -11.213 -11.341 -0.129
FeCl+2 4.449e-019 1.362e-019 -18.352 -18.866 -0.514
FeCl2+ 3.515e-020 2.614e-020 -19.454 -19.583 -0.129
FeCl3 6.872e-023 6.872e-023 -22.163 -22.163 0.000

F 4.759e-005
F- 4.290e-005 3.226e-005 -4.368 -4.491 -0.124
NaF 1.731e-006 1.731e-006 -5.762 -5.762 0.000
MgF+ 1.730e-006 1.270e-006 -5.762 -5.896 -0.134
CaF+ 1.223e-006 9.100e-007 -5.912 -6.041 -0.129
SrF+ 2.509e-009 1.505e-009 -8.601 -8.823 -0.222
HF 1.199e-009 1.199e-009 -8.921 -8.921 0.000
MnF+ 6.997e-010 5.204e-010 -9.155 -9.284 -0.129
AlF2+ 2.612e-010 1.962e-010 -9.583 -9.707 -0.124
AlF3 7.899e-011 7.899e-011 -10.102 -10.102 0.000
AlF+2 5.195e-011 1.653e-011 -10.284 -10.782 -0.497
AlF4- 1.739e-012 1.277e-012 -11.760 -11.894 -0.134
HF2- 1.890e-013 1.347e-013 -12.724 -12.871 -0.147
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FeF+2 2.617e-017 8.014e-018 -16.582 -17.096 -0.514
FeF2+ 8.008e-018 5.957e-018 -17.096 -17.225 -0.129
H2F2 6.796e-018 6.796e-018 -17.168 -17.168 0.000
FeF3 2.098e-019 2.098e-019 -18.678 -18.678 0.000
SiF6-2 1.850e-030 5.664e-031 -29.733 -30.247 -0.514

Fe(2) 1.646e-010
Fe+2 1.234e-010 1.598e-011 -9.909 -10.796 -0.888
FeSO4 4.087e-011 4.087e-011 -10.389 -10.389 0.000
FeHCO3+ 2.120e-013 1.614e-013 -12.674 -12.792 -0.119
FeOH+ 7.793e-014 5.797e-014 -13.108 -13.237 -0.129
FeHPO4 3.299e-014 3.299e-014 -13.482 -13.482 0.000
FeH2PO4+ 2.912e-015 2.187e-015 -14.536 -14.660 -0.124
Fe(OH)2 3.537e-018 3.537e-018 -17.451 -17.451 0.000
Fe(OH)3- 3.905e-019 2.905e-019 -18.408 -18.537 -0.129
Fe(HS)2 0.000e+000 0.000e+000 -162.553 -162.553 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -240.647 -240.869 -0.222

Fe(3) 8.765e-009
Fe(OH)2+ 8.465e-009 6.358e-009 -8.072 -8.197 -0.124
Fe(OH)3 2.232e-010 2.232e-010 -9.651 -9.651 0.000
Fe(OH)4- 7.637e-011 5.736e-011 -10.117 -10.241 -0.124
FeOH+2 7.272e-014 2.226e-014 -13.138 -13.652 -0.514
FeHPO4+ 3.073e-015 2.308e-015 -14.512 -14.637 -0.124
FeSO4+ 3.066e-017 2.281e-017 -16.513 -16.642 -0.129
FeF+2 2.617e-017 8.014e-018 -16.582 -17.096 -0.514
Fe(SO4)2- 1.138e-017 6.825e-018 -16.944 -17.166 -0.222
FeF2+ 8.008e-018 5.957e-018 -17.096 -17.225 -0.129
Fe+3 3.648e-018 2.805e-019 -17.438 -18.552 -1.114
FeCl+2 4.449e-019 1.362e-019 -18.352 -18.866 -0.514
FeF3 2.098e-019 2.098e-019 -18.678 -18.678 0.000
FeCl2+ 3.515e-020 2.614e-020 -19.454 -19.583 -0.129
FeHSeO3+2 8.654e-021 1.120e-021 -20.063 -20.951 -0.888
FeH2PO4+2 4.572e-021 1.455e-021 -20.340 -20.837 -0.497
Fe2(OH)2+4 1.019e-022 2.861e-026 -21.992 -25.543 -3.552
FeCl3 6.872e-023 6.872e-023 -22.163 -22.163 0.000
Fe3(OH)4+5 7.922e-028 2.234e-033 -27.101 -32.651 -5.550

H(0) 7.958e-030
H2 3.979e-030 4.166e-030 -29.400 -29.380 0.020

K 1.540e-003
K+ 1.425e-003 1.072e-003 -2.846 -2.970 -0.124
KSO4- 1.144e-004 8.596e-005 -3.941 -4.066 -0.124
KHPO4- 5.615e-009 4.217e-009 -8.251 -8.375 -0.124

Mg 2.379e-003
Mg+2 1.449e-003 4.634e-004 -2.839 -3.334 -0.495
MgSO4 9.211e-004 9.211e-004 -3.036 -3.036 0.000
MgHCO3+ 6.592e-006 4.772e-006 -5.181 -5.321 -0.140
MgF+ 1.730e-006 1.270e-006 -5.762 -5.896 -0.134
MgCO3 3.361e-007 3.361e-007 -6.473 -6.473 0.000
MgHPO4 1.617e-007 1.617e-007 -6.791 -6.791 0.000
MgOH+ 1.692e-008 1.301e-008 -7.772 -7.886 -0.114
MgH2PO4+ 8.978e-009 6.743e-009 -8.047 -8.171 -0.124
MgPO4- 1.381e-010 1.037e-010 -9.860 -9.984 -0.124

Mn(2) 4.935e-006
Mn+2 3.961e-006 5.126e-007 -5.402 -6.290 -0.888
MnSO4 9.359e-007 9.359e-007 -6.029 -6.029 0.000
MnCl+ 2.280e-008 1.696e-008 -7.642 -7.770 -0.129
MnHCO3+ 1.384e-008 1.029e-008 -7.859 -7.987 -0.129
MnF+ 6.997e-010 5.204e-010 -9.155 -9.284 -0.129
MnCl2 6.298e-010 6.298e-010 -9.201 -9.201 0.000
MnOH+ 1.578e-010 1.174e-010 -9.802 -9.930 -0.129
MnCl3- 6.129e-012 4.559e-012 -11.213 -11.341 -0.129
MnSeO4 1.045e-014 1.045e-014 -13.981 -13.981 0.000
Mn(OH)3- 2.899e-019 2.157e-019 -18.538 -18.666 -0.129
Mn(OH)4-2 6.831e-025 2.091e-025 -24.166 -24.680 -0.514
MnSe 0.000e+000 0.000e+000 -43.817 -43.817 0.000

Mn(3) 1.400e-026
Mn+3 1.400e-026 1.077e-027 -25.854 -26.968 -1.114

Mn(6) 0.000e+000
MnO4-2 0.000e+000 0.000e+000 -48.301 -48.816 -0.514

Mn(7) 0.000e+000
MnO4- 0.000e+000 0.000e+000 -53.396 -53.550 -0.155

Mo 6.387e-006
MoO4-2 6.386e-006 2.042e-006 -5.195 -5.690 -0.495
HMoO4- 1.475e-009 8.845e-010 -8.831 -9.053 -0.222
H2MoO4 5.779e-013 5.779e-013 -12.238 -12.238 0.000
AlMo6O21-3 5.618e-036 5.645e-038 -35.250 -37.248 -1.998
Mo7O24-6 2.906e-037 0.000e+000 -36.537 -44.528 -7.992
HMo7O24-5 0.000e+000 0.000e+000 -40.161 -45.711 -5.550
H2Mo7O24-4 0.000e+000 0.000e+000 -44.881 -48.433 -3.552
H3Mo7O24-3 0.000e+000 0.000e+000 -50.647 -52.645 -1.998

Na 1.558e-001
Na+ 1.462e-001 1.099e-001 -0.835 -0.959 -0.124
NaSO4- 9.512e-003 7.144e-003 -2.022 -2.146 -0.124
NaHCO3 9.086e-005 9.086e-005 -4.042 -4.042 0.000
NaCO3- 4.744e-006 3.563e-006 -5.324 -5.448 -0.124
NaF 1.731e-006 1.731e-006 -5.762 -5.762 0.000
NaHPO4- 8.918e-007 6.698e-007 -6.050 -6.174 -0.124

O(0) 2.603e-038
O2 1.302e-038 1.363e-038 -37.886 -37.866 0.020

P 4.920e-006
HPO4-2 2.334e-006 7.146e-007 -5.632 -6.146 -0.514
NaHPO4- 8.918e-007 6.698e-007 -6.050 -6.174 -0.124
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CaHPO4 8.811e-007 8.811e-007 -6.055 -6.055 0.000
H2PO4- 5.342e-007 4.012e-007 -6.272 -6.397 -0.124
MgHPO4 1.617e-007 1.617e-007 -6.791 -6.791 0.000
CaPO4- 6.648e-008 4.993e-008 -7.177 -7.302 -0.124
CaH2PO4+ 3.226e-008 2.423e-008 -7.491 -7.616 -0.124
MgH2PO4+ 8.978e-009 6.743e-009 -8.047 -8.171 -0.124
KHPO4- 5.615e-009 4.217e-009 -8.251 -8.375 -0.124
SrHPO4 3.033e-009 3.033e-009 -8.518 -8.518 0.000
MgPO4- 1.381e-010 1.037e-010 -9.860 -9.984 -0.124
PO4-3 8.521e-011 6.553e-012 -10.070 -11.184 -1.114
SrH2PO4+ 5.708e-011 3.424e-011 -10.244 -10.466 -0.222
H3PO4 1.590e-012 1.590e-012 -11.798 -11.798 0.000
FeHPO4 3.299e-014 3.299e-014 -13.482 -13.482 0.000
FeHPO4+ 3.073e-015 2.308e-015 -14.512 -14.637 -0.124
FeH2PO4+ 2.912e-015 2.187e-015 -14.536 -14.660 -0.124
FeH2PO4+2 4.572e-021 1.455e-021 -20.340 -20.837 -0.497

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -80.131 -80.353 -0.222
H2S 0.000e+000 0.000e+000 -80.605 -80.605 0.000
S5-2 0.000e+000 0.000e+000 -81.703 -82.591 -0.888
S6-2 0.000e+000 0.000e+000 -81.870 -82.758 -0.888
S4-2 0.000e+000 0.000e+000 -82.314 -83.202 -0.888
S3-2 0.000e+000 0.000e+000 -83.147 -84.035 -0.888
S2-2 0.000e+000 0.000e+000 -84.202 -85.090 -0.888
S-2 0.000e+000 0.000e+000 -90.121 -90.635 -0.514
Fe(HS)2 0.000e+000 0.000e+000 -162.553 -162.553 0.000
Fe(HS)3- 0.000e+000 0.000e+000 -240.647 -240.869 -0.222

S(6) 5.774e-002
SO4-2 3.866e-002 1.236e-002 -1.413 -1.908 -0.495
NaSO4- 9.512e-003 7.144e-003 -2.022 -2.146 -0.124
CaSO4 8.484e-003 8.484e-003 -2.071 -2.071 0.000
MgSO4 9.211e-004 9.211e-004 -3.036 -3.036 0.000
KSO4- 1.144e-004 8.596e-005 -3.941 -4.066 -0.124
SrSO4 3.865e-005 3.865e-005 -4.413 -4.413 0.000
MnSO4 9.359e-007 9.359e-007 -6.029 -6.029 0.000
HSO4- 3.433e-008 2.520e-008 -7.464 -7.599 -0.134
FeSO4 4.087e-011 4.087e-011 -10.389 -10.389 0.000
AlSO4+ 4.063e-012 2.983e-012 -11.391 -11.525 -0.134
Al(SO4)2- 7.593e-013 5.575e-013 -12.120 -12.254 -0.134
FeSO4+ 3.066e-017 2.281e-017 -16.513 -16.642 -0.129
Fe(SO4)2- 1.138e-017 6.825e-018 -16.944 -17.166 -0.222

Se(-2) 4.010e-040
HSe- 4.010e-040 2.405e-040 -39.397 -39.619 -0.222
H2Se 0.000e+000 0.000e+000 -43.236 -43.236 0.000
MnSe 0.000e+000 0.000e+000 -43.817 -43.817 0.000
Se-2 0.000e+000 0.000e+000 -46.701 -47.589 -0.888

Se(4) 6.432e-006
HSeO3- 4.298e-006 2.578e-006 -5.367 -5.589 -0.222
SeO3-2 2.134e-006 2.762e-007 -5.671 -6.559 -0.888
H2SeO3 3.215e-011 3.215e-011 -10.493 -10.493 0.000
FeHSeO3+2 8.654e-021 1.120e-021 -20.063 -20.951 -0.888

Se(6) 3.195e-010
SeO4-2 3.195e-010 1.022e-010 -9.496 -9.991 -0.495
MnSeO4 1.045e-014 1.045e-014 -13.981 -13.981 0.000
HSeO4- 1.743e-016 1.045e-016 -15.759 -15.981 -0.222

Si 5.896e-005
H4SiO4 5.872e-005 6.148e-005 -4.231 -4.211 0.020
H3SiO4- 2.399e-007 1.736e-007 -6.620 -6.760 -0.140
H2SiO4-2 4.295e-013 1.367e-013 -12.367 -12.864 -0.497
SiF6-2 1.850e-030 5.664e-031 -29.733 -30.247 -0.514

Sr 9.706e-005
Sr+2 5.813e-005 1.859e-005 -4.236 -4.731 -0.495
SrSO4 3.865e-005 3.865e-005 -4.413 -4.413 0.000
SrHCO3+ 2.545e-007 1.937e-007 -6.594 -6.713 -0.119
SrCO3 8.822e-009 8.822e-009 -8.054 -8.054 0.000
SrHPO4 3.033e-009 3.033e-009 -8.518 -8.518 0.000
SrF+ 2.509e-009 1.505e-009 -8.601 -8.823 -0.222
SrH2PO4+ 5.708e-011 3.424e-011 -10.244 -10.466 -0.222
SrOH+ 1.352e-011 1.006e-011 -10.869 -10.997 -0.129

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Al(OH)3(am) -2.65 9.18 11.83 Al(OH)3
Al2(MoO4)3 -48.35 -43.57 4.79 Al2(MoO4)3
Al2O3 -3.69 18.36 22.05 Al2O3
Al4(OH)10SO4 -2.85 19.85 22.70 Al4(OH)10SO4
AlAsO4:2H2O -7.38 -2.58 4.80 AlAsO4:2H2O
AlOHSO4 -4.45 -7.68 -3.23 AlOHSO4
Alunite -2.23 -1.68 0.55 KAl3(SO4)2(OH)6
Anhydrite -0.07 -4.37 -4.29 CaSO4
Aragonite -0.22 -8.41 -8.19 CaCO3
Arsenolite -68.63 -71.95 -3.32 As4O6
Artinite -8.39 2.33 10.72 MgCO3:Mg(OH)2:3H2O
As2O5 -30.42 -23.51 6.92 As2O5
Ba(OH)2:8H2O -18.25 6.65 24.90 Ba(OH)2:8H2O
Ba3(AsO4)2 5.50 -3.51 -9.01 Ba3(AsO4)2
BaF2 -11.41 -17.27 -5.86 BaF2
BaHPO4 -7.17 -26.95 -19.77 BaHPO4
BaMoO4 -6.91 -13.98 -7.06 BaMoO4
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Barite 0.00 -10.19 -10.19 BaSO4
BaS -97.34 -81.16 16.18 BaS
BaSeO3 -8.12 -6.40 1.72 BaSeO3
BaSeO4 -10.61 -18.28 -7.66 BaSeO4
Birnessite -9.48 8.61 18.09 MnO2
Bixbyite -9.59 -9.08 0.51 Mn2O3
Boehmite -0.49 9.18 9.67 AlOOH
Brucite -6.29 11.62 17.90 Mg(OH)2
Ca3(AsO4)2:4H2O -8.34 13.96 22.30 Ca3(AsO4)2:4H2O
Ca3(PO4)2(beta) -0.32 -29.74 -29.42 Ca3(PO4)2
Ca4H(PO4)3:3H2O -3.78 -50.86 -47.08 Ca4H(PO4)3:3H2O
CaHPO4 -1.56 -21.12 -19.56 CaHPO4
CaHPO4:2H2O -1.91 -21.12 -19.21 CaHPO4:2H2O
Calcite 0.00 -8.41 -8.41 CaCO3
CaMoO4 -0.22 -8.15 -7.93 CaMoO4
CaSeO3:2H2O -3.57 -0.57 2.99 CaSeO3:2H2O
CaSeO4:2H2O -9.51 -12.45 -2.94 CaSeO4:2H2O
Celestite 0.00 -6.64 -6.64 SrSO4
CH4(g) -82.66 -126.09 -43.43 CH4
Chalcedony -0.47 -4.21 -3.73 SiO2
Chrysotile -7.59 26.43 34.02 Mg3Si2O5(OH)4
Claudetite -68.37 -71.95 -3.58 As4O6
CO2(g) -2.71 -20.90 -18.18 CO2
Cristobalite -0.67 -4.21 -3.54 SiO2
Cryolite -8.88 -43.07 -34.19 Na3AlF6
Diaspore 1.35 9.18 7.83 AlOOH
Dolomite(disordered) -1.58 -17.69 -16.11 CaMg(CO3)2
Dolomite(ordered) -0.96 -17.69 -16.72 CaMg(CO3)2
Epsomite -3.02 -5.26 -2.23 MgSO4:7H2O
FCO3Apatite 20.25 -95.68 -115.93

Ca9.316Na0.36Mg0.144(PO4)4.8(CO3)1.2F2.48
Fe(OH)2 -9.41 4.15 13.56 Fe(OH)2
Fe(OH)2.7Cl.3 4.20 1.16 -3.04 Fe(OH)2.7Cl.3
Fe2(OH)4SeO3 -6.87 -5.32 1.55 Fe2(OH)4SeO3
Fe2(SeO3)3:2H2O -10.82 -31.44 -20.63 Fe2(SeO3)3:2H2O
Fe2(SO4)3 -41.34 -42.83 -1.49 Fe2(SO4)3
Fe3(OH)8 -8.33 11.90 20.22 Fe3(OH)8
FeAsO4:2H2O -8.28 -7.88 0.40 FeAsO4:2H2O
FeMoO4 -6.50 -16.49 -9.99 FeMoO4
Ferrihydrite -0.00 3.87 3.87 Fe(OH)3
Ferroselite -44.70 -63.74 -19.03 FeSe2
FeS(ppt) -80.83 -83.67 -2.85 FeS
FeSe -31.92 -42.94 -11.02 FeSe
Fluorite -0.87 -11.44 -10.57 CaF2
Gibbsite 0.00 9.18 9.18 Al(OH)3
Goethite 2.82 3.87 1.05 FeOOH
Greenalite -16.76 4.05 20.81 Fe3Si2O5(OH)4
Greigite -294.37 -339.41 -45.03 Fe3S4
Gypsum 0.25 -4.37 -4.62 CaSO4:2H2O
H-Jarosite -12.14 -22.10 -9.96 (H3O)Fe3(SO4)2(OH)6
H2MoO4 -7.31 -20.64 -13.33 H2MoO4
H2S(g) -79.82 -87.83 -8.01 H2S
H2Se(g) -42.28 -47.10 -4.82 H2Se
Halite -4.11 -2.54 1.57 NaCl
Halloysite -1.32 9.94 11.26 Al2Si2O5(OH)4
Hausmannite -12.66 52.28 64.94 Mn3O4
Hematite 7.97 7.75 -0.22 Fe2O3
Hercynite -3.29 22.51 25.81 FeAl2O4
Huntite -7.28 -36.25 -28.97 CaMg3(CO3)4
Hydromagnesite -18.78 -25.52 -6.74 Mg5(CO3)4(OH)2:4H2O
Hydroxylapatite 5.97 -38.36 -44.33 Ca5(PO4)3OH
K-Alum -14.61 -20.06 -5.45 KAl(SO4)2:12H2O
K-Jarosite -4.01 -17.59 -13.59 KFe3(SO4)2(OH)6
K2MoO4 -14.92 -11.63 3.29 K2MoO4
K2SeO4 -15.20 -15.93 -0.73 K2SeO4
Kaolinite 1.13 9.94 8.81 Al2Si2O5(OH)4
Lepidocrocite 2.50 3.87 1.37 FeOOH
Lime -22.01 12.49 34.50 CaO
Mackinawite -80.07 -83.67 -3.60 FeS
Maghemite 1.36 7.75 6.39 Fe2O3
Magnesioferrite -0.08 19.37 19.45 Fe2MgO4
Magnesite -1.64 -9.28 -7.65 MgCO3
Magnetite 6.57 11.90 5.34 Fe3O4
Manganite -3.53 21.81 25.34 MnOOH
Melanterite -10.32 -12.72 -2.40 FeSO4:7H2O
Mg(OH)2(active) -7.18 11.62 18.79 Mg(OH)2
Mg3(PO4)2 -9.09 -32.37 -23.28 Mg3(PO4)2
MgF2 -4.26 -12.32 -8.06 MgF2
MgHPO4:3H2O -3.82 -22.00 -18.18 MgHPO4:3H2O
MgMoO4 -7.17 -9.02 -1.85 MgMoO4
MgSeO3:6H2O -4.46 -1.46 3.01 MgSeO3:6H2O
MgSeO4:6H2O -12.14 -13.34 -1.20 MgSeO4:6H2O
Mirabilite -1.99 -3.84 -1.85 Na2SO4:10H2O
Mn2(SO4)3 -55.46 -59.66 -4.19 Mn2(SO4)3
Mn3(AsO4)2:8H2O -10.04 2.46 12.50 Mn3(AsO4)2:8H2O
Mn3(PO4)2 -17.33 -41.24 -23.91 Mn3(PO4)2
MnCl2:4H2O -12.27 -9.46 2.82 MnCl2:4H2O
MnHPO4 0.45 -24.95 -25.40 MnHPO4
MnS(grn) -79.63 -79.17 0.47 MnS
MnS(pnk) -82.51 -79.17 3.34 MnS
MnSe -42.84 -38.43 4.41 MnSe
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MnSeO3 -5.53 -4.40 1.13 MnSeO3
MnSeO3:2H2O -5.31 -4.41 0.90 MnSeO3:2H2O
MnSeO4:5H2O -14.24 -16.29 -2.05 MnSeO4:5H2O
MnSO4 -11.38 -8.20 3.18 MnSO4
MoO3 -12.64 -20.64 -8.00 MoO3
MoS2 -148.72 -222.59 -73.87 MoS2
Na-Jarosite -5.79 -15.58 -9.80 NaFe3(SO4)2(OH)6
Na2Mo2O7 -11.13 -28.25 -17.12 Na2Mo2O7
Na2MoO4 -9.19 -7.61 1.58 Na2MoO4
Na2MoO4:2H2O -8.84 -7.61 1.22 Na2MoO4:2H2O
Na2SeO3:5H2O -10.34 -0.04 10.30 Na2SeO3:5H2O
Na2SeO4 -13.19 -11.91 1.28 Na2SeO4
Natron -5.96 -7.88 -1.92 Na2CO3:10H2O
Nesquehonite -4.84 -9.29 -4.45 MgCO3:3H2O
Nsutite -8.90 8.61 17.50 MnO2
O2(g) -35.80 52.59 88.39 O2
Orpiment -235.14 -299.46 -64.32 As2S3
Periclase -11.37 11.62 22.99 MgO
Portlandite -11.51 12.49 24.00 Ca(OH)2
Pyrite -126.23 -145.20 -18.97 FeS2
Pyrochroite -7.44 8.66 16.09 Mn(OH)2
Pyrolusite -8.95 34.96 43.90 MnO2
Quartz 0.00 -4.21 -4.21 SiO2
Realgar -98.03 -118.96 -20.93 AsS
Rhodochrosite -1.68 -12.24 -10.56 MnCO3
Semetal(am) -13.59 -20.80 -7.21 Se
Semetal(hex -12.94 -20.80 -7.86 Se
SeO2 -13.17 -13.06 0.11 SeO2
SeO3 -47.34 -24.94 22.40 SeO3
Sepiolite -6.21 10.61 16.82 Mg2Si3O7.5OH:3H2O
Sepiolite(A) -8.17 10.61 18.78 Mg2Si3O7.5OH:3H2O
Siderite -6.65 -16.74 -10.09 FeCO3
SiO2(am-gel) -1.37 -4.21 -2.84 SiO2
SiO2(am-ppt) -1.33 -4.21 -2.88 SiO2
Spinel -10.47 29.98 40.45 MgAl2O4
SrF2 -5.10 -13.71 -8.62 SrF2
SrHPO4 -4.10 -23.39 -19.30 SrHPO4
SrSeO3 -5.14 -2.84 2.30 SrSeO3
SrSeO4 -10.32 -14.72 -4.40 SrSeO4
Strengite -3.43 -29.74 -26.31 FePO4:2H2O
Strontianite -1.41 -10.68 -9.27 SrCO3
Sulfur -59.54 -61.53 -1.99 S
Thenardite -4.23 -3.83 0.41 Na2SO4
Thermonatrite -8.60 -7.87 0.73 Na2CO3:H2O
Vivianite -18.77 -54.77 -36.00 Fe3(PO4)2:8H2O
Witherite -5.63 -14.23 -8.61 BaCO3

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------
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Appendix D. Beal Mountain RO Water Treatment Facility Historical RO Influent Water
Gypsum Saturation PHREEQC Modeling Data – October 2006 to October 2012

September 18, 2006

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 9/18/06 Heap Leach Pad
pH 8.5
temp 10
Units mg/L
Alkalinity 114
Ca 671
Cl 152
K 17
Mg 18
Na 759
S(6) 2280
EQUILIBRIUM_PHASES 1
Gypsum 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 9/18/06 Heap Leach Pad

-----------------------------Solution composition------------------------------

Elements Molality Moles

Alkalinity 1.876e-003 1.876e-003
Ca 1.681e-002 1.681e-002
Cl 4.305e-003 4.305e-003
K 4.366e-004 4.366e-004
Mg 7.436e-004 7.436e-004
Na 3.315e-002 3.315e-002
S(6) 2.383e-002 2.383e-002

----------------------------Description of solution----------------------------

pH = 8.500
pe = 4.000

Activity of water = 0.999
Ionic strength = 7.524e-002

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 1.771e-003

Total CO2 (mol/kg) = 1.771e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.485e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 15.64

Iterations = 6
Total H = 1.110153e+002
Total O = 5.560746e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.226e-006 9.649e-007 -5.912 -6.015 -0.104
H+ 3.943e-009 3.162e-009 -8.404 -8.500 -0.096
H2O 5.551e+001 9.988e-001 1.744 -0.001 0.000

C(4) 1.771e-003
HCO3- 1.537e-003 1.244e-003 -2.813 -2.905 -0.092
CaHCO3+ 8.208e-005 6.690e-005 -4.086 -4.175 -0.089
CaCO3 6.731e-005 6.731e-005 -4.172 -4.172 0.000
CO3-2 3.263e-005 1.349e-005 -4.486 -4.870 -0.383
NaHCO3 2.404e-005 2.404e-005 -4.619 -4.619 0.000
NaCO3- 1.230e-005 9.953e-006 -4.910 -5.002 -0.092
H2CO3 1.076e-005 1.076e-005 -4.968 -4.968 0.000
MgHCO3+ 3.094e-006 2.455e-006 -5.509 -5.610 -0.101
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MgCO3 1.825e-006 1.825e-006 -5.739 -5.739 0.000
Ca 1.681e-002

Ca+2 1.071e-002 4.430e-003 -1.970 -2.354 -0.383
CaSO4 5.948e-003 5.948e-003 -2.226 -2.226 0.000
CaHCO3+ 8.208e-005 6.690e-005 -4.086 -4.175 -0.089
CaCO3 6.731e-005 6.731e-005 -4.172 -4.172 0.000
CaOH+ 8.764e-008 7.143e-008 -7.057 -7.146 -0.089

Cl 4.305e-003
Cl- 4.305e-003 3.452e-003 -2.366 -2.462 -0.096

H(0) 1.629e-028
H2 8.143e-029 8.285e-029 -28.089 -28.082 0.008

K 4.366e-004
K+ 4.182e-004 3.354e-004 -3.379 -3.474 -0.096
KSO4- 1.834e-005 1.484e-005 -4.737 -4.829 -0.092

Mg 7.436e-004
Mg+2 5.081e-004 2.101e-004 -3.294 -3.677 -0.383
MgSO4 2.304e-004 2.304e-004 -3.637 -3.637 0.000
MgHCO3+ 3.094e-006 2.455e-006 -5.509 -5.610 -0.101
MgCO3 1.825e-006 1.825e-006 -5.739 -5.739 0.000
MgOH+ 7.620e-008 6.247e-008 -7.118 -7.204 -0.086

Na 3.315e-002
Na+ 3.197e-002 2.564e-002 -1.495 -1.591 -0.096
NaSO4- 1.137e-003 9.195e-004 -2.944 -3.036 -0.092
NaHCO3 2.404e-005 2.404e-005 -4.619 -4.619 0.000
NaCO3- 1.230e-005 9.953e-006 -4.910 -5.002 -0.092

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -40.468 -40.460 0.008

S(6) 2.383e-002
SO4-2 1.650e-002 6.822e-003 -1.783 -2.166 -0.383
CaSO4 5.948e-003 5.948e-003 -2.226 -2.226 0.000
NaSO4- 1.137e-003 9.195e-004 -2.944 -3.036 -0.092
MgSO4 2.304e-004 2.304e-004 -3.637 -3.637 0.000
KSO4- 1.834e-005 1.484e-005 -4.737 -4.829 -0.092
HSO4- 1.648e-009 1.317e-009 -8.783 -8.880 -0.097

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.23 -4.52 -4.29 CaSO4
Aragonite 0.97 -7.22 -8.19 CaCO3
Artinite -5.94 4.77 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.58 13.32 17.90 Mg(OH)2
Calcite 1.18 -7.22 -8.41 CaCO3
CH4(g) -78.44 -121.87 -43.43 CH4
CO2(g) -3.68 -21.87 -18.18 CO2
Dolomite(disordered) 0.34 -15.77 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.95 -15.77 -16.72 CaMg(CO3)2
Epsomite -3.61 -5.85 -2.23 MgSO4:7H2O
Gypsum 0.10 -4.52 -4.62 CaSO4:2H2O
Halite -5.62 -4.05 1.57 NaCl
Huntite -3.90 -32.87 -28.97 CaMg3(CO3)4
Hydromagnesite -14.13 -20.87 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.85 14.65 34.50 CaO
Magnesite -0.90 -8.55 -7.65 MgCO3
Mg(OH)2(active) -5.47 13.32 18.79 Mg(OH)2
Mirabilite -3.50 -5.35 -1.85 Na2SO4:10H2O
Natron -6.14 -8.06 -1.92 Na2CO3:10H2O
Nesquehonite -4.10 -8.55 -4.45 MgCO3:3H2O
O2(g) -38.40 50.00 88.39 O2
Periclase -9.67 13.32 22.99 MgO
Portlandite -9.35 14.65 24.00 Ca(OH)2
Thenardite -5.75 -5.35 0.41 Na2SO4
Thermonatrite -8.79 -8.05 0.73 Na2CO3:H2O

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 9/18/06 Heap Leach Pad
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Gypsum 0.00 -4.62 -4.62 0.000e+000 2.943e-003 2.943e-003

-----------------------------Solution composition------------------------------

Elements Molality Moles

C 1.771e-003 1.771e-003
Ca 1.387e-002 1.387e-002
Cl 4.305e-003 4.305e-003
K 4.366e-004 4.366e-004
Mg 7.436e-004 7.436e-004
Na 3.315e-002 3.315e-002
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S 2.089e-002 2.089e-002

----------------------------Description of solution----------------------------

pH = 8.531 Charge balance
pe = 10.491 Adjusted to redox

equilibrium
Activity of water = 0.999

Ionic strength = 6.854e-002
Mass of water (kg) = 9.999e-001

Total alkalinity (eq/kg) = 1.876e-003
Total CO2 (mol/kg) = 1.771e-003

Temperature (deg C) = 10.000
Electrical balance (eq) = 1.485e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 16.82
Iterations = 14

Total H = 1.110036e+002
Total O = 5.558980e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.307e-006 1.037e-006 -5.884 -5.984 -0.100
H+ 3.645e-009 2.943e-009 -8.438 -8.531 -0.093
H2O 5.551e+001 9.988e-001 1.744 -0.001 0.000

C(4) 1.771e-003
HCO3- 1.549e-003 1.261e-003 -2.810 -2.899 -0.089
CaHCO3+ 7.131e-005 5.848e-005 -4.147 -4.233 -0.086
CaCO3 6.323e-005 6.323e-005 -4.199 -4.199 0.000
CO3-2 3.464e-005 1.471e-005 -4.460 -4.832 -0.372
NaHCO3 2.461e-005 2.461e-005 -4.609 -4.609 0.000
NaCO3- 1.344e-005 1.095e-005 -4.871 -4.961 -0.089
H2CO3 1.015e-005 1.015e-005 -4.993 -4.993 0.000
MgHCO3+ 3.247e-006 2.596e-006 -5.489 -5.586 -0.097
MgCO3 2.074e-006 2.074e-006 -5.683 -5.683 0.000

Ca 1.387e-002
Ca+2 8.992e-003 3.818e-003 -2.046 -2.418 -0.372
CaSO4 4.741e-003 4.741e-003 -2.324 -2.324 0.000
CaHCO3+ 7.131e-005 5.848e-005 -4.147 -4.233 -0.086
CaCO3 6.323e-005 6.323e-005 -4.199 -4.199 0.000
CaOH+ 8.069e-008 6.617e-008 -7.093 -7.179 -0.086

Cl 4.305e-003
Cl- 4.305e-003 3.475e-003 -2.366 -2.459 -0.093

H(0) 0.000e+000
H2 0.000e+000 0.000e+000 -41.133 -41.126 0.007

K 4.366e-004
K+ 4.196e-004 3.387e-004 -3.377 -3.470 -0.093
KSO4- 1.701e-005 1.386e-005 -4.769 -4.858 -0.089

Mg 7.436e-004
Mg+2 5.161e-004 2.191e-004 -3.287 -3.659 -0.372
MgSO4 2.222e-004 2.222e-004 -3.653 -3.653 0.000
MgHCO3+ 3.247e-006 2.596e-006 -5.489 -5.586 -0.097
MgCO3 2.074e-006 2.074e-006 -5.683 -5.683 0.000
MgOH+ 8.490e-008 7.001e-008 -7.071 -7.155 -0.084

Na 3.315e-002
Na+ 3.206e-002 2.588e-002 -1.494 -1.587 -0.093
NaSO4- 1.054e-003 8.581e-004 -2.977 -3.066 -0.089
NaHCO3 2.461e-005 2.461e-005 -4.609 -4.609 0.000
NaCO3- 1.344e-005 1.095e-005 -4.871 -4.961 -0.089

O(0) 8.362e-015
O2 4.181e-015 4.247e-015 -14.379 -14.372 0.007

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -128.557 -128.688 -0.130
S5-2 0.000e+000 0.000e+000 -129.349 -129.870 -0.521
S6-2 0.000e+000 0.000e+000 -129.516 -130.037 -0.521
S4-2 0.000e+000 0.000e+000 -129.961 -130.482 -0.521
H2S 0.000e+000 0.000e+000 -129.995 -129.995 0.000
S3-2 0.000e+000 0.000e+000 -130.794 -131.315 -0.521
S2-2 0.000e+000 0.000e+000 -131.849 -132.370 -0.521
S-2 0.000e+000 0.000e+000 -137.550 -137.915 -0.365

S(6) 2.089e-002
SO4-2 1.485e-002 6.308e-003 -1.828 -2.200 -0.372
CaSO4 4.741e-003 4.741e-003 -2.324 -2.324 0.000
NaSO4- 1.054e-003 8.581e-004 -2.977 -3.066 -0.089
MgSO4 2.222e-004 2.222e-004 -3.653 -3.653 0.000
KSO4- 1.701e-005 1.386e-005 -4.769 -4.858 -0.089
HSO4- 1.408e-009 1.133e-009 -8.851 -8.946 -0.094

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.33 -4.62 -4.29 CaSO4
Aragonite 0.94 -7.25 -8.19 CaCO3
Artinite -5.81 4.91 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.50 13.40 17.90 Mg(OH)2
Calcite 1.16 -7.25 -8.41 CaCO3
CH4(g) -130.64 -174.07 -43.43 CH4
CO2(g) -3.71 -21.89 -18.18 CO2
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Dolomite(disordered) 0.37 -15.74 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.98 -15.74 -16.72 CaMg(CO3)2
Epsomite -3.63 -5.86 -2.23 MgSO4:7H2O
Gypsum 0.00 -4.62 -4.62 CaSO4:2H2O
H2S(g) -129.21 -137.22 -8.01 H2S
Halite -5.61 -4.05 1.57 NaCl
Huntite -3.76 -32.73 -28.97 CaMg3(CO3)4
Hydromagnesite -13.83 -20.57 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.85 14.64 34.50 CaO
Magnesite -0.85 -8.49 -7.65 MgCO3
Mg(OH)2(active) -5.39 13.40 18.79 Mg(OH)2
Mirabilite -3.53 -5.38 -1.85 Na2SO4:10H2O
Natron -6.09 -8.01 -1.92 Na2CO3:10H2O
Nesquehonite -4.05 -8.49 -4.45 MgCO3:3H2O
O2(g) -12.31 76.09 88.39 O2
Periclase -9.58 13.40 22.99 MgO
Portlandite -9.35 14.64 24.00 Ca(OH)2
Sulfur -97.18 -99.17 -1.99 S
Thenardite -5.78 -5.37 0.41 Na2SO4
Thermonatrite -8.74 -8.01 0.73 Na2CO3:H2O

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------

October 8, 2006

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 10/8/06 Heap Leach Pad
pH 8.5
temp 10
Units mg/L
Alkalinity 126
Ca 723
Cl 160
K 16
Mg 18
Na 716
S(6) 2370
EQUILIBRIUM_PHASES 1
Gypsum 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 10/8/06 Heap Leach Pad

-----------------------------Solution composition------------------------------

Elements Molality Moles

Alkalinity 2.073e-003 2.073e-003
Ca 1.811e-002 1.811e-002
Cl 4.532e-003 4.532e-003
K 4.109e-004 4.109e-004
Mg 7.437e-004 7.437e-004
Na 3.127e-002 3.127e-002
S(6) 2.477e-002 2.477e-002

----------------------------Description of solution----------------------------

pH = 8.500
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pe = 4.000
Activity of water = 0.999

Ionic strength = 7.694e-002
Mass of water (kg) = 1.000e+000

Total carbon (mol/kg) = 1.955e-003
Total CO2 (mol/kg) = 1.955e-003

Temperature (deg C) = 10.000
Electrical balance (eq) = 1.325e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 13.81
Iterations = 6

Total H = 1.110155e+002
Total O = 5.561179e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.228e-006 9.649e-007 -5.911 -6.015 -0.105
H+ 3.950e-009 3.162e-009 -8.403 -8.500 -0.097
H2O 5.551e+001 9.987e-001 1.744 -0.001 0.000

C(4) 1.955e-003
HCO3- 1.689e-003 1.364e-003 -2.772 -2.865 -0.093
CaHCO3+ 9.600e-005 7.812e-005 -4.018 -4.107 -0.089
CaCO3 7.860e-005 7.860e-005 -4.105 -4.105 0.000
CO3-2 3.603e-005 1.481e-005 -4.443 -4.830 -0.386
NaHCO3 2.483e-005 2.483e-005 -4.605 -4.605 0.000
NaCO3- 1.273e-005 1.028e-005 -4.895 -4.988 -0.093
H2CO3 1.180e-005 1.180e-005 -4.928 -4.928 0.000
MgHCO3+ 3.363e-006 2.663e-006 -5.473 -5.575 -0.101
MgCO3 1.980e-006 1.980e-006 -5.703 -5.703 0.000

Ca 1.811e-002
Ca+2 1.147e-002 4.714e-003 -1.940 -2.327 -0.386
CaSO4 6.468e-003 6.468e-003 -2.189 -2.189 0.000
CaHCO3+ 9.600e-005 7.812e-005 -4.018 -4.107 -0.089
CaCO3 7.860e-005 7.860e-005 -4.105 -4.105 0.000
CaOH+ 9.340e-008 7.602e-008 -7.030 -7.119 -0.089

Cl 4.532e-003
Cl- 4.532e-003 3.628e-003 -2.344 -2.440 -0.097

H(0) 1.628e-028
H2 8.140e-029 8.285e-029 -28.089 -28.082 0.008

K 4.109e-004
K+ 3.933e-004 3.149e-004 -3.405 -3.502 -0.097
KSO4- 1.762e-005 1.423e-005 -4.754 -4.847 -0.093

Mg 7.437e-004
Mg+2 5.055e-004 2.077e-004 -3.296 -3.682 -0.386
MgSO4 2.327e-004 2.327e-004 -3.633 -3.633 0.000
MgHCO3+ 3.363e-006 2.663e-006 -5.473 -5.575 -0.101
MgCO3 1.980e-006 1.980e-006 -5.703 -5.703 0.000
MgOH+ 7.543e-008 6.175e-008 -7.122 -7.209 -0.087

Na 3.127e-002
Na+ 3.014e-002 2.413e-002 -1.521 -1.617 -0.097
NaSO4- 1.095e-003 8.842e-004 -2.961 -3.053 -0.093
NaHCO3 2.483e-005 2.483e-005 -4.605 -4.605 0.000
NaCO3- 1.273e-005 1.028e-005 -4.895 -4.988 -0.093

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -40.468 -40.460 0.008

S(6) 2.477e-002
SO4-2 1.696e-002 6.970e-003 -1.771 -2.157 -0.386
CaSO4 6.468e-003 6.468e-003 -2.189 -2.189 0.000
NaSO4- 1.095e-003 8.842e-004 -2.961 -3.053 -0.093
MgSO4 2.327e-004 2.327e-004 -3.633 -3.633 0.000
KSO4- 1.762e-005 1.423e-005 -4.754 -4.847 -0.093
HSO4- 1.687e-009 1.346e-009 -8.773 -8.871 -0.098

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.19 -4.48 -4.29 CaSO4
Aragonite 1.03 -7.16 -8.19 CaCO3
Artinite -5.91 4.80 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.59 13.32 17.90 Mg(OH)2
Calcite 1.25 -7.16 -8.41 CaCO3
CH4(g) -78.40 -121.83 -43.43 CH4
CO2(g) -3.64 -21.83 -18.18 CO2
Dolomite(disordered) 0.44 -15.67 -16.11 CaMg(CO3)2
Dolomite(ordered) 1.06 -15.67 -16.72 CaMg(CO3)2
Epsomite -3.61 -5.84 -2.23 MgSO4:7H2O
Gypsum 0.13 -4.48 -4.62 CaSO4:2H2O
Halite -5.63 -4.06 1.57 NaCl
Huntite -3.72 -32.69 -28.97 CaMg3(CO3)4
Hydromagnesite -14.00 -20.73 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.83 14.67 34.50 CaO
Magnesite -0.87 -8.51 -7.65 MgCO3
Mg(OH)2(active) -5.48 13.32 18.79 Mg(OH)2
Mirabilite -3.55 -5.40 -1.85 Na2SO4:10H2O
Natron -6.15 -8.07 -1.92 Na2CO3:10H2O
Nesquehonite -4.07 -8.51 -4.45 MgCO3:3H2O
O2(g) -38.40 50.00 88.39 O2
Periclase -9.67 13.32 22.99 MgO
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Portlandite -9.33 14.67 24.00 Ca(OH)2
Thenardite -5.80 -5.39 0.41 Na2SO4
Thermonatrite -8.80 -8.06 0.73 Na2CO3:H2O

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 10/8/06 Heap Leach Pad
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Gypsum 0.00 -4.62 -4.62 0.000e+000 4.179e-003 4.179e-003

-----------------------------Solution composition------------------------------

Elements Molality Moles

C 1.955e-003 1.955e-003
Ca 1.394e-002 1.394e-002
Cl 4.532e-003 4.532e-003
K 4.110e-004 4.109e-004
Mg 7.438e-004 7.437e-004
Na 3.128e-002 3.127e-002
S 2.060e-002 2.059e-002

----------------------------Description of solution----------------------------

pH = 8.543 Charge balance
pe = 10.495 Adjusted to redox

equilibrium
Activity of water = 0.999

Ionic strength = 6.747e-002
Mass of water (kg) = 9.998e-001

Total alkalinity (eq/kg) = 2.074e-003
Total CO2 (mol/kg) = 1.955e-003

Temperature (deg C) = 10.000
Electrical balance (eq) = 1.325e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 15.33
Iterations = 13

Total H = 1.109988e+002
Total O = 5.558672e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.341e-006 1.066e-006 -5.873 -5.972 -0.100
H+ 3.543e-009 2.863e-009 -8.451 -8.543 -0.093
H2O 5.551e+001 9.989e-001 1.744 -0.000 0.000

C(4) 1.955e-003
HCO3- 1.707e-003 1.392e-003 -2.768 -2.856 -0.089
CaHCO3+ 7.943e-005 6.521e-005 -4.100 -4.186 -0.086
CaCO3 7.246e-005 7.246e-005 -4.140 -4.140 0.000
CO3-2 3.911e-005 1.668e-005 -4.408 -4.778 -0.370
NaHCO3 2.566e-005 2.566e-005 -4.591 -4.591 0.000
NaCO3- 1.439e-005 1.173e-005 -4.842 -4.931 -0.089
H2CO3 1.090e-005 1.090e-005 -4.963 -4.963 0.000
MgHCO3+ 3.598e-006 2.881e-006 -5.444 -5.540 -0.097
MgCO3 2.366e-006 2.366e-006 -5.626 -5.626 0.000

Ca 1.394e-002
Ca+2 9.045e-003 3.858e-003 -2.044 -2.414 -0.370
CaSO4 4.740e-003 4.740e-003 -2.324 -2.324 0.000
CaHCO3+ 7.943e-005 6.521e-005 -4.100 -4.186 -0.086
CaCO3 7.246e-005 7.246e-005 -4.140 -4.140 0.000
CaOH+ 8.371e-008 6.872e-008 -7.077 -7.163 -0.086

Cl 4.532e-003
Cl- 4.532e-003 3.663e-003 -2.344 -2.436 -0.093

H(0) 0.000e+000
H2 0.000e+000 0.000e+000 -41.166 -41.159 0.007

K 4.110e-004
K+ 3.951e-004 3.193e-004 -3.403 -3.496 -0.093
KSO4- 1.586e-005 1.293e-005 -4.800 -4.888 -0.089

Mg 7.438e-004
Mg+2 5.166e-004 2.203e-004 -3.287 -3.657 -0.370
MgSO4 2.211e-004 2.211e-004 -3.655 -3.655 0.000
MgHCO3+ 3.598e-006 2.881e-006 -5.444 -5.540 -0.097
MgCO3 2.366e-006 2.366e-006 -5.626 -5.626 0.000
MgOH+ 8.767e-008 7.236e-008 -7.057 -7.141 -0.083

Na 3.128e-002
Na+ 3.025e-002 2.445e-002 -1.519 -1.612 -0.093
NaSO4- 9.840e-004 8.023e-004 -3.007 -3.096 -0.089
NaHCO3 2.566e-005 2.566e-005 -4.591 -4.591 0.000
NaCO3- 1.439e-005 1.173e-005 -4.842 -4.931 -0.089
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O(0) 9.750e-015
O2 4.875e-015 4.951e-015 -14.312 -14.305 0.007

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -128.708 -128.837 -0.129
S5-2 0.000e+000 0.000e+000 -129.491 -130.008 -0.517
S6-2 0.000e+000 0.000e+000 -129.658 -130.175 -0.517
S4-2 0.000e+000 0.000e+000 -130.103 -130.620 -0.517
H2S 0.000e+000 0.000e+000 -130.156 -130.156 0.000
S3-2 0.000e+000 0.000e+000 -130.935 -131.452 -0.517
S2-2 0.000e+000 0.000e+000 -131.991 -132.507 -0.517
S-2 0.000e+000 0.000e+000 -137.689 -138.053 -0.363

S(6) 2.060e-002
SO4-2 1.464e-002 6.242e-003 -1.835 -2.205 -0.370
CaSO4 4.740e-003 4.740e-003 -2.324 -2.324 0.000
NaSO4- 9.840e-004 8.023e-004 -3.007 -3.096 -0.089
MgSO4 2.211e-004 2.211e-004 -3.655 -3.655 0.000
KSO4- 1.586e-005 1.293e-005 -4.800 -4.888 -0.089
HSO4- 1.354e-009 1.091e-009 -8.868 -8.962 -0.094

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.33 -4.62 -4.29 CaSO4
Aragonite 1.00 -7.19 -8.19 CaCO3
Artinite -5.72 4.99 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.47 13.43 17.90 Mg(OH)2
Calcite 1.21 -7.19 -8.41 CaCO3
CH4(g) -130.74 -174.17 -43.43 CH4
CO2(g) -3.68 -21.86 -18.18 CO2
Dolomite(disordered) 0.48 -15.63 -16.11 CaMg(CO3)2
Dolomite(ordered) 1.10 -15.63 -16.72 CaMg(CO3)2
Epsomite -3.63 -5.87 -2.23 MgSO4:7H2O
Gypsum 0.00 -4.62 -4.62 CaSO4:2H2O
H2S(g) -129.37 -137.38 -8.01 H2S
Halite -5.62 -4.05 1.57 NaCl
Huntite -3.53 -32.50 -28.97 CaMg3(CO3)4
Hydromagnesite -13.57 -20.31 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.83 14.67 34.50 CaO
Magnesite -0.79 -8.43 -7.65 MgCO3
Mg(OH)2(active) -5.37 13.43 18.79 Mg(OH)2
Mirabilite -3.58 -5.43 -1.85 Na2SO4:10H2O
Natron -6.08 -8.01 -1.92 Na2CO3:10H2O
Nesquehonite -3.99 -8.44 -4.45 MgCO3:3H2O
O2(g) -12.24 76.15 88.39 O2
Periclase -9.56 13.43 22.99 MgO
Portlandite -9.33 14.67 24.00 Ca(OH)2
Sulfur -97.31 -99.30 -1.99 S
Thenardite -5.83 -5.43 0.41 Na2SO4
Thermonatrite -8.74 -8.00 0.73 Na2CO3:H2O

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------

July 22, 2008

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 7/22/08 Heap Leach Pad
pH 8.5
temp 10
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Units mg/L
Alkalinity 78
Ca 677
Cl 160
K 16
Mg 11
Na 716
S(6) 2510
EQUILIBRIUM_PHASES 1
Gypsum 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 7/22/08 Heap Leach Pad

-----------------------------Solution composition------------------------------

Elements Molality Moles

Alkalinity 1.284e-003 1.284e-003
Ca 1.696e-002 1.696e-002
Cl 4.532e-003 4.532e-003
K 4.109e-004 4.109e-004
Mg 4.545e-004 4.545e-004
Na 3.127e-002 3.127e-002
S(6) 2.624e-002 2.624e-002

----------------------------Description of solution----------------------------

pH = 8.500
pe = 4.000

Activity of water = 0.999
Ionic strength = 7.716e-002

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 1.214e-003

Total CO2 (mol/kg) = 1.214e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 8.230e-003
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 8.59

Iterations = 6
Total H = 1.110148e+002
Total O = 5.561542e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.229e-006 9.650e-007 -5.911 -6.015 -0.105
H+ 3.950e-009 3.162e-009 -8.403 -8.500 -0.097
H2O 5.551e+001 9.988e-001 1.744 -0.001 0.000

C(4) 1.214e-003
HCO3- 1.059e-003 8.548e-004 -2.975 -3.068 -0.093
CaHCO3+ 5.477e-005 4.457e-005 -4.261 -4.351 -0.090
CaCO3 4.484e-005 4.484e-005 -4.348 -4.348 0.000
CO3-2 2.259e-005 9.277e-006 -4.646 -5.033 -0.387
NaHCO3 1.551e-005 1.551e-005 -4.809 -4.809 0.000
NaCO3- 7.952e-006 6.422e-006 -5.100 -5.192 -0.093
H2CO3 7.394e-006 7.394e-006 -5.131 -5.131 0.000
MgHCO3+ 1.256e-006 9.942e-007 -5.901 -6.003 -0.101
MgCO3 7.392e-007 7.392e-007 -6.131 -6.131 0.000

Ca 1.696e-002
Ca+2 1.045e-002 4.293e-003 -1.981 -2.367 -0.387
CaSO4 6.409e-003 6.409e-003 -2.193 -2.193 0.000
CaHCO3+ 5.477e-005 4.457e-005 -4.261 -4.351 -0.090
CaCO3 4.484e-005 4.484e-005 -4.348 -4.348 0.000
CaOH+ 8.507e-008 6.922e-008 -7.070 -7.160 -0.090

Cl 4.532e-003
Cl- 4.532e-003 3.628e-003 -2.344 -2.440 -0.097

H(0) 1.628e-028
H2 8.139e-029 8.285e-029 -28.089 -28.082 0.008

K 4.109e-004
K+ 3.918e-004 3.137e-004 -3.407 -3.504 -0.097
KSO4- 1.910e-005 1.543e-005 -4.719 -4.812 -0.093

Mg 4.545e-004
Mg+2 3.015e-004 1.238e-004 -3.521 -3.907 -0.387
MgSO4 1.509e-004 1.509e-004 -3.821 -3.821 0.000
MgHCO3+ 1.256e-006 9.942e-007 -5.901 -6.003 -0.101
MgCO3 7.392e-007 7.392e-007 -6.131 -6.131 0.000
MgOH+ 4.496e-008 3.680e-008 -7.347 -7.434 -0.087

Na 3.127e-002
Na+ 3.006e-002 2.407e-002 -1.522 -1.619 -0.097
NaSO4- 1.188e-003 9.595e-004 -2.925 -3.018 -0.093
NaHCO3 1.551e-005 1.551e-005 -4.809 -4.809 0.000
NaCO3- 7.952e-006 6.422e-006 -5.100 -5.192 -0.093

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -40.468 -40.460 0.008

S(6) 2.624e-002
SO4-2 1.847e-002 7.584e-003 -1.734 -2.120 -0.387



134

CaSO4 6.409e-003 6.409e-003 -2.193 -2.193 0.000
NaSO4- 1.188e-003 9.595e-004 -2.925 -3.018 -0.093
MgSO4 1.509e-004 1.509e-004 -3.821 -3.821 0.000
KSO4- 1.910e-005 1.543e-005 -4.719 -4.812 -0.093
HSO4- 1.836e-009 1.465e-009 -8.736 -8.834 -0.098

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.19 -4.49 -4.29 CaSO4
Aragonite 0.79 -7.40 -8.19 CaCO3
Artinite -6.57 4.15 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.81 13.09 17.90 Mg(OH)2
Calcite 1.01 -7.40 -8.41 CaCO3
CH4(g) -78.60 -122.03 -43.43 CH4
CO2(g) -3.85 -22.03 -18.18 CO2
Dolomite(disordered) -0.23 -16.34 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.38 -16.34 -16.72 CaMg(CO3)2
Epsomite -3.80 -6.03 -2.23 MgSO4:7H2O
Gypsum 0.13 -4.49 -4.62 CaSO4:2H2O
Halite -5.63 -4.06 1.57 NaCl
Huntite -5.25 -34.22 -28.97 CaMg3(CO3)4
Hydromagnesite -15.93 -22.67 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.87 14.63 34.50 CaO
Magnesite -1.29 -8.94 -7.65 MgCO3
Mg(OH)2(active) -5.70 13.09 18.79 Mg(OH)2
Mirabilite -3.51 -5.36 -1.85 Na2SO4:10H2O
Natron -6.35 -8.28 -1.92 Na2CO3:10H2O
Nesquehonite -4.50 -8.94 -4.45 MgCO3:3H2O
O2(g) -38.40 50.00 88.39 O2
Periclase -9.90 13.09 22.99 MgO
Portlandite -9.37 14.63 24.00 Ca(OH)2
Thenardite -5.76 -5.36 0.41 Na2SO4
Thermonatrite -9.00 -8.27 0.73 Na2CO3:H2O

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 7/22/08 Heap Leach Pad
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Gypsum 0.00 -4.62 -4.62 0.000e+000 3.958e-003 3.958e-003

-----------------------------Solution composition------------------------------

Elements Molality Moles

C 1.214e-003 1.214e-003
Ca 1.301e-002 1.301e-002
Cl 4.533e-003 4.532e-003
K 4.110e-004 4.109e-004
Mg 4.545e-004 4.545e-004
Na 3.128e-002 3.127e-002
S 2.228e-002 2.228e-002

----------------------------Description of solution----------------------------

pH = 8.544 Charge balance
pe = -3.022 Adjusted to redox

equilibrium
Activity of water = 0.999

Ionic strength = 6.827e-002
Mass of water (kg) = 9.999e-001

Total alkalinity (eq/kg) = 1.284e-003
Total CO2 (mol/kg) = 1.214e-003

Temperature (deg C) = 10.000
Electrical balance (eq) = 8.230e-003

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 9.47
Iterations = 14

Total H = 1.109990e+002
Total O = 5.559168e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.345e-006 1.068e-006 -5.871 -5.972 -0.100
H+ 3.540e-009 2.858e-009 -8.451 -8.544 -0.093
H2O 5.551e+001 9.989e-001 1.744 -0.000 0.000

C(4) 1.214e-003
HCO3- 1.069e-003 8.711e-004 -2.971 -3.060 -0.089
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CaHCO3+ 4.485e-005 3.679e-005 -4.348 -4.434 -0.086
CaCO3 4.095e-005 4.095e-005 -4.388 -4.388 0.000
CO3-2 2.460e-005 1.046e-005 -4.609 -4.981 -0.372
NaHCO3 1.600e-005 1.600e-005 -4.796 -4.796 0.000
NaCO3- 8.996e-006 7.328e-006 -5.046 -5.135 -0.089
H2CO3 6.810e-006 6.810e-006 -5.167 -5.167 0.000
MgHCO3+ 1.335e-006 1.068e-006 -5.874 -5.971 -0.097
MgCO3 8.785e-007 8.785e-007 -6.056 -6.056 0.000

Ca 1.301e-002
Ca+2 8.181e-003 3.478e-003 -2.087 -2.459 -0.372
CaSO4 4.740e-003 4.740e-003 -2.324 -2.324 0.000
CaHCO3+ 4.485e-005 3.679e-005 -4.348 -4.434 -0.086
CaCO3 4.095e-005 4.095e-005 -4.388 -4.388 0.000
CaOH+ 7.564e-008 6.205e-008 -7.121 -7.207 -0.086

Cl 4.533e-003
Cl- 4.533e-003 3.660e-003 -2.344 -2.437 -0.093

H(0) 1.478e-014
H2 7.389e-015 7.506e-015 -14.131 -14.125 0.007

K 4.110e-004
K+ 3.935e-004 3.177e-004 -3.405 -3.498 -0.093
KSO4- 1.752e-005 1.427e-005 -4.757 -4.846 -0.089

Mg 4.545e-004
Mg+2 3.070e-004 1.305e-004 -3.513 -3.884 -0.372
MgSO4 1.453e-004 1.453e-004 -3.838 -3.838 0.000
MgHCO3+ 1.335e-006 1.068e-006 -5.874 -5.971 -0.097
MgCO3 8.785e-007 8.785e-007 -6.056 -6.056 0.000
MgOH+ 5.205e-008 4.293e-008 -7.284 -7.367 -0.084

Na 3.128e-002
Na+ 3.017e-002 2.436e-002 -1.520 -1.613 -0.093
NaSO4- 1.088e-003 8.867e-004 -2.963 -3.052 -0.089
NaHCO3 1.600e-005 1.600e-005 -4.796 -4.796 0.000
NaCO3- 8.996e-006 7.328e-006 -5.046 -5.135 -0.089

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -68.381 -68.374 0.007

S(-2) 4.065e-021
HS- 2.986e-021 2.213e-021 -20.525 -20.655 -0.130
S5-2 4.953e-022 1.496e-022 -21.305 -21.825 -0.520
S6-2 3.372e-022 1.018e-022 -21.472 -21.992 -0.520
S4-2 1.212e-022 3.660e-023 -21.917 -22.437 -0.520
H2S 1.060e-022 1.060e-022 -21.975 -21.975 0.000
S3-2 1.781e-023 5.378e-024 -22.749 -23.269 -0.520
S2-2 1.569e-024 4.737e-025 -23.804 -24.324 -0.520
S-2 3.127e-030 1.350e-030 -29.505 -29.870 -0.365

S(6) 2.228e-002
SO4-2 1.629e-002 6.925e-003 -1.788 -2.160 -0.372
CaSO4 4.740e-003 4.740e-003 -2.324 -2.324 0.000
NaSO4- 1.088e-003 8.867e-004 -2.963 -3.052 -0.089
MgSO4 1.453e-004 1.453e-004 -3.838 -3.838 0.000
KSO4- 1.752e-005 1.427e-005 -4.757 -4.846 -0.089
HSO4- 1.501e-009 1.209e-009 -8.824 -8.918 -0.094

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.33 -4.62 -4.29 CaSO4
Aragonite 0.75 -7.44 -8.19 CaCO3
Artinite -6.38 4.34 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.70 13.20 17.90 Mg(OH)2
Calcite 0.97 -7.44 -8.41 CaCO3
CH4(g) -22.81 -66.24 -43.43 CH4
CO2(g) -3.88 -22.07 -18.18 CO2
Dolomite(disordered) -0.19 -16.30 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.42 -16.30 -16.72 CaMg(CO3)2
Epsomite -3.81 -6.05 -2.23 MgSO4:7H2O
Gypsum 0.00 -4.62 -4.62 CaSO4:2H2O
H2S(g) -21.19 -29.20 -8.01 H2S
Halite -5.62 -4.05 1.57 NaCl
Huntite -5.07 -34.03 -28.97 CaMg3(CO3)4
Hydromagnesite -15.52 -22.26 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.87 14.63 34.50 CaO
Magnesite -1.22 -8.86 -7.65 MgCO3
Mg(OH)2(active) -5.59 13.20 18.79 Mg(OH)2
Mirabilite -3.54 -5.39 -1.85 Na2SO4:10H2O
Natron -6.29 -8.21 -1.92 Na2CO3:10H2O
Nesquehonite -4.42 -8.87 -4.45 MgCO3:3H2O
O2(g) -66.31 22.08 88.39 O2
Periclase -9.78 13.20 22.99 MgO
Portlandite -9.37 14.63 24.00 Ca(OH)2
Sulfur -16.16 -18.16 -1.99 S
Thenardite -5.79 -5.39 0.41 Na2SO4
Thermonatrite -8.94 -8.21 0.73 Na2CO3:H2O

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------
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-----------
End of run.
-----------

August 25, 2008

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 8/25/08 Heap Leach Pad
pH 8.5
temp 10
Units mg/L
Alkalinity 89
Ca 659
Cl 160
K 16
Mg 13
Na 716
S(6) 2430
EQUILIBRIUM_PHASES 1
Gypsum 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 8/25/08 Heap Leach Pad

-----------------------------Solution composition------------------------------

Elements Molality Moles

Alkalinity 1.465e-003 1.465e-003
Ca 1.651e-002 1.651e-002
Cl 4.532e-003 4.532e-003
K 4.109e-004 4.109e-004
Mg 5.371e-004 5.371e-004
Na 3.127e-002 3.127e-002
S(6) 2.540e-002 2.540e-002

----------------------------Description of solution----------------------------

pH = 8.500
pe = 4.000

Activity of water = 0.999
Ionic strength = 7.580e-002

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 1.385e-003

Total CO2 (mol/kg) = 1.385e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 8.984e-003
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 9.50

Iterations = 6
Total H = 1.110150e+002
Total O = 5.561259e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.227e-006 9.650e-007 -5.911 -6.015 -0.104
H+ 3.945e-009 3.162e-009 -8.404 -8.500 -0.096
H2O 5.551e+001 9.988e-001 1.744 -0.001 0.000

C(4) 1.385e-003
HCO3- 1.209e-003 9.779e-004 -2.917 -3.010 -0.092
CaHCO3+ 6.166e-005 5.023e-005 -4.210 -4.299 -0.089
CaCO3 5.053e-005 5.053e-005 -4.296 -4.296 0.000
CO3-2 2.571e-005 1.061e-005 -4.590 -4.974 -0.384
NaHCO3 1.778e-005 1.778e-005 -4.750 -4.750 0.000
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NaCO3- 9.103e-006 7.361e-006 -5.041 -5.133 -0.092
H2CO3 8.458e-006 8.458e-006 -5.073 -5.073 0.000
MgHCO3+ 1.715e-006 1.359e-006 -5.766 -5.867 -0.101
MgCO3 1.011e-006 1.011e-006 -5.995 -5.995 0.000

Ca 1.651e-002
Ca+2 1.025e-002 4.230e-003 -1.989 -2.374 -0.384
CaSO4 6.149e-003 6.149e-003 -2.211 -2.211 0.000
CaHCO3+ 6.166e-005 5.023e-005 -4.210 -4.299 -0.089
CaCO3 5.053e-005 5.053e-005 -4.296 -4.296 0.000
CaOH+ 8.372e-008 6.820e-008 -7.077 -7.166 -0.089

Cl 4.532e-003
Cl- 4.532e-003 3.632e-003 -2.344 -2.440 -0.096

H(0) 1.628e-028
H2 8.142e-029 8.285e-029 -28.089 -28.082 0.008

K 4.109e-004
K+ 3.923e-004 3.144e-004 -3.406 -3.503 -0.096
KSO4- 1.863e-005 1.506e-005 -4.730 -4.822 -0.092

Mg 5.371e-004
Mg+2 3.586e-004 1.480e-004 -3.445 -3.830 -0.384
MgSO4 1.757e-004 1.757e-004 -3.755 -3.755 0.000
MgHCO3+ 1.715e-006 1.359e-006 -5.766 -5.867 -0.101
MgCO3 1.011e-006 1.011e-006 -5.995 -5.995 0.000
MgOH+ 5.369e-008 4.399e-008 -7.270 -7.357 -0.087

Na 3.127e-002
Na+ 3.009e-002 2.412e-002 -1.522 -1.618 -0.096
NaSO4- 1.158e-003 9.363e-004 -2.936 -3.029 -0.092
NaHCO3 1.778e-005 1.778e-005 -4.750 -4.750 0.000
NaCO3- 9.103e-006 7.361e-006 -5.041 -5.133 -0.092

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -40.468 -40.460 0.008

S(6) 2.540e-002
SO4-2 1.790e-002 7.386e-003 -1.747 -2.132 -0.384
CaSO4 6.149e-003 6.149e-003 -2.211 -2.211 0.000
NaSO4- 1.158e-003 9.363e-004 -2.936 -3.029 -0.092
MgSO4 1.757e-004 1.757e-004 -3.755 -3.755 0.000
KSO4- 1.863e-005 1.506e-005 -4.730 -4.822 -0.092
HSO4- 1.786e-009 1.426e-009 -8.748 -8.846 -0.098

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.21 -4.51 -4.29 CaSO4
Aragonite 0.84 -7.35 -8.19 CaCO3
Artinite -6.35 4.36 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.73 13.17 17.90 Mg(OH)2
Calcite 1.06 -7.35 -8.41 CaCO3
CH4(g) -78.54 -121.97 -43.43 CH4
CO2(g) -3.79 -21.97 -18.18 CO2
Dolomite(disordered) -0.04 -16.15 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.57 -16.15 -16.72 CaMg(CO3)2
Epsomite -3.73 -5.97 -2.23 MgSO4:7H2O
Gypsum 0.11 -4.51 -4.62 CaSO4:2H2O
Halite -5.63 -4.06 1.57 NaCl
Huntite -4.79 -33.76 -28.97 CaMg3(CO3)4
Hydromagnesite -15.31 -22.05 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.87 14.63 34.50 CaO
Magnesite -1.16 -8.80 -7.65 MgCO3
Mg(OH)2(active) -5.62 13.17 18.79 Mg(OH)2
Mirabilite -3.52 -5.37 -1.85 Na2SO4:10H2O
Natron -6.29 -8.21 -1.92 Na2CO3:10H2O
Nesquehonite -4.36 -8.81 -4.45 MgCO3:3H2O
O2(g) -38.40 50.00 88.39 O2
Periclase -9.82 13.17 22.99 MgO
Portlandite -9.37 14.63 24.00 Ca(OH)2
Thenardite -5.77 -5.37 0.41 Na2SO4
Thermonatrite -8.94 -8.21 0.73 Na2CO3:H2O

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 8/25/08 Heap Leach Pad
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Gypsum 0.00 -4.62 -4.62 0.000e+000 3.366e-003 3.366e-003

-----------------------------Solution composition------------------------------

Elements Molality Moles

C 1.385e-003 1.385e-003
Ca 1.315e-002 1.314e-002
Cl 4.532e-003 4.532e-003
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K 4.110e-004 4.109e-004
Mg 5.371e-004 5.371e-004
Na 3.128e-002 3.127e-002
S 2.204e-002 2.203e-002

----------------------------Description of solution----------------------------

pH = 8.538 Charge balance
pe = -3.231 Adjusted to redox

equilibrium
Activity of water = 0.999

Ionic strength = 6.821e-002
Mass of water (kg) = 9.999e-001

Total alkalinity (eq/kg) = 1.465e-003
Total CO2 (mol/kg) = 1.385e-003

Temperature (deg C) = 10.000
Electrical balance (eq) = 8.984e-003

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 10.33
Iterations = 14

Total H = 1.110015e+002
Total O = 5.559239e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.325e-006 1.052e-006 -5.878 -5.978 -0.100
H+ 3.592e-009 2.900e-009 -8.445 -8.538 -0.093
H2O 5.551e+001 9.989e-001 1.744 -0.000 0.000

C(4) 1.385e-003
HCO3- 1.220e-003 9.938e-004 -2.914 -3.003 -0.089
CaHCO3+ 5.196e-005 4.263e-005 -4.284 -4.370 -0.086
CaCO3 4.676e-005 4.676e-005 -4.330 -4.330 0.000
CO3-2 2.765e-005 1.176e-005 -4.558 -4.930 -0.371
NaHCO3 1.826e-005 1.826e-005 -4.738 -4.738 0.000
NaCO3- 1.012e-005 8.241e-006 -4.995 -5.084 -0.089
H2CO3 7.884e-006 7.884e-006 -5.103 -5.103 0.000
MgHCO3+ 1.808e-006 1.446e-006 -5.743 -5.840 -0.097
MgCO3 1.172e-006 1.172e-006 -5.931 -5.931 0.000

Ca 1.315e-002
Ca+2 8.307e-003 3.532e-003 -2.081 -2.452 -0.371
CaSO4 4.740e-003 4.740e-003 -2.324 -2.324 0.000
CaHCO3+ 5.196e-005 4.263e-005 -4.284 -4.370 -0.086
CaCO3 4.676e-005 4.676e-005 -4.330 -4.330 0.000
CaOH+ 7.570e-008 6.210e-008 -7.121 -7.207 -0.086

Cl 4.532e-003
Cl- 4.532e-003 3.660e-003 -2.344 -2.437 -0.093

H(0) 3.985e-014
H2 1.992e-014 2.024e-014 -13.701 -13.694 0.007

K 4.110e-004
K+ 3.937e-004 3.179e-004 -3.405 -3.498 -0.093
KSO4- 1.726e-005 1.406e-005 -4.763 -4.852 -0.089

Mg 5.371e-004
Mg+2 3.643e-004 1.549e-004 -3.439 -3.810 -0.371
MgSO4 1.698e-004 1.698e-004 -3.770 -3.770 0.000
MgHCO3+ 1.808e-006 1.446e-006 -5.743 -5.840 -0.097
MgCO3 1.172e-006 1.172e-006 -5.931 -5.931 0.000
MgOH+ 6.087e-008 5.021e-008 -7.216 -7.299 -0.084

Na 3.128e-002
Na+ 3.018e-002 2.437e-002 -1.520 -1.613 -0.093
NaSO4- 1.072e-003 8.734e-004 -2.970 -3.059 -0.089
NaHCO3 1.826e-005 1.826e-005 -4.738 -4.738 0.000
NaCO3- 1.012e-005 8.241e-006 -4.995 -5.084 -0.089

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -69.243 -69.236 0.007

S(-2) 2.140e-019
HS- 1.577e-019 1.169e-019 -18.802 -18.932 -0.130
S5-2 2.577e-020 7.788e-021 -19.589 -20.109 -0.520
S6-2 1.755e-020 5.302e-021 -19.756 -20.276 -0.520
S4-2 6.305e-021 1.905e-021 -20.200 -20.720 -0.520
H2S 5.683e-021 5.683e-021 -20.245 -20.245 0.000
S3-2 9.265e-022 2.800e-022 -21.033 -21.553 -0.520
S2-2 8.162e-023 2.466e-023 -22.088 -22.608 -0.520
S-2 1.628e-028 7.031e-029 -27.788 -28.153 -0.365

S(6) 2.204e-002
SO4-2 1.604e-002 6.819e-003 -1.795 -2.166 -0.371
CaSO4 4.740e-003 4.740e-003 -2.324 -2.324 0.000
NaSO4- 1.072e-003 8.734e-004 -2.970 -3.059 -0.089
MgSO4 1.698e-004 1.698e-004 -3.770 -3.770 0.000
KSO4- 1.726e-005 1.406e-005 -4.763 -4.852 -0.089
HSO4- 1.499e-009 1.208e-009 -8.824 -8.918 -0.094

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.33 -4.62 -4.29 CaSO4
Aragonite 0.81 -7.38 -8.19 CaCO3
Artinite -6.19 4.52 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.64 13.26 17.90 Mg(OH)2
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Calcite 1.02 -7.38 -8.41 CaCO3
CH4(g) -21.02 -64.45 -43.43 CH4
CO2(g) -3.82 -22.00 -18.18 CO2
Dolomite(disordered) -0.01 -16.12 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.60 -16.12 -16.72 CaMg(CO3)2
Epsomite -3.75 -5.98 -2.23 MgSO4:7H2O
Gypsum 0.00 -4.62 -4.62 CaSO4:2H2O
H2S(g) -19.46 -27.47 -8.01 H2S
Halite -5.62 -4.05 1.57 NaCl
Huntite -4.63 -33.60 -28.97 CaMg3(CO3)4
Hydromagnesite -14.96 -21.70 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.88 14.62 34.50 CaO
Magnesite -1.09 -8.74 -7.65 MgCO3
Mg(OH)2(active) -5.53 13.26 18.79 Mg(OH)2
Mirabilite -3.55 -5.40 -1.85 Na2SO4:10H2O
Natron -6.24 -8.16 -1.92 Na2CO3:10H2O
Nesquehonite -4.30 -8.74 -4.45 MgCO3:3H2O
O2(g) -67.17 21.22 88.39 O2
Periclase -9.72 13.26 22.99 MgO
Portlandite -9.38 14.62 24.00 Ca(OH)2
Sulfur -14.86 -16.86 -1.99 S
Thenardite -5.80 -5.39 0.41 Na2SO4
Thermonatrite -8.89 -8.16 0.73 Na2CO3:H2O

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------

July 30, 2009

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 7/30/09 Heap Leach Pad
pH 8.5
temp 10
Units mg/L
Alkalinity 88
Ca 715
Cl 175
K 15
Mg 13
Na 686
S(6) 2630
EQUILIBRIUM_PHASES 1
Gypsum 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 7/30/09 Heap Leach Pad

-----------------------------Solution composition------------------------------

Elements Molality Moles

Alkalinity 1.448e-003 1.448e-003
Ca 1.792e-002 1.792e-002
Cl 4.958e-003 4.958e-003
K 3.853e-004 3.853e-004
Mg 5.372e-004 5.372e-004
Na 2.997e-002 2.997e-002
S(6) 2.750e-002 2.750e-002
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----------------------------Description of solution----------------------------

pH = 8.500
pe = 4.000

Activity of water = 0.999
Ionic strength = 7.939e-002

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 1.368e-003

Total CO2 (mol/kg) = 1.368e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 5.866e-003
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 6.01

Iterations = 6
Total H = 1.110150e+002
Total O = 5.562092e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.232e-006 9.649e-007 -5.909 -6.016 -0.106
H+ 3.958e-009 3.162e-009 -8.402 -8.500 -0.098
H2O 5.551e+001 9.987e-001 1.744 -0.001 0.000

C(4) 1.368e-003
HCO3- 1.190e-003 9.594e-004 -2.924 -3.018 -0.094
CaHCO3+ 6.387e-005 5.187e-005 -4.195 -4.285 -0.090
CaCO3 5.219e-005 5.219e-005 -4.282 -4.282 0.000
CO3-2 2.556e-005 1.041e-005 -4.592 -4.983 -0.390
NaHCO3 1.663e-005 1.663e-005 -4.779 -4.779 0.000
NaCO3- 8.540e-006 6.883e-006 -5.069 -5.162 -0.094
H2CO3 8.299e-006 8.299e-006 -5.081 -5.081 0.000
MgHCO3+ 1.642e-006 1.297e-006 -5.785 -5.887 -0.103
MgCO3 9.640e-007 9.640e-007 -6.016 -6.016 0.000

Ca 1.792e-002
Ca+2 1.093e-002 4.452e-003 -1.961 -2.351 -0.390
CaSO4 6.871e-003 6.871e-003 -2.163 -2.163 0.000
CaHCO3+ 6.387e-005 5.187e-005 -4.195 -4.285 -0.090
CaCO3 5.219e-005 5.219e-005 -4.282 -4.282 0.000
CaOH+ 8.839e-008 7.178e-008 -7.054 -7.144 -0.090

Cl 4.958e-003
Cl- 4.958e-003 3.960e-003 -2.305 -2.402 -0.098

H(0) 1.627e-028
H2 8.135e-029 8.285e-029 -28.090 -28.082 0.008

K 3.853e-004
K+ 3.668e-004 2.930e-004 -3.436 -3.533 -0.098
KSO4- 1.849e-005 1.490e-005 -4.733 -4.827 -0.094

Mg 5.372e-004
Mg+2 3.532e-004 1.439e-004 -3.452 -3.842 -0.390
MgSO4 1.813e-004 1.813e-004 -3.742 -3.742 0.000
MgHCO3+ 1.642e-006 1.297e-006 -5.785 -5.887 -0.103
MgCO3 9.640e-007 9.640e-007 -6.016 -6.016 0.000
MgOH+ 5.234e-008 4.276e-008 -7.281 -7.369 -0.088

Na 2.997e-002
Na+ 2.877e-002 2.298e-002 -1.541 -1.639 -0.098
NaSO4- 1.175e-003 9.472e-004 -2.930 -3.024 -0.094
NaHCO3 1.663e-005 1.663e-005 -4.779 -4.779 0.000
NaCO3- 8.540e-006 6.883e-006 -5.069 -5.162 -0.094

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -40.468 -40.460 0.008

S(6) 2.750e-002
SO4-2 1.925e-002 7.840e-003 -1.716 -2.106 -0.390
CaSO4 6.871e-003 6.871e-003 -2.163 -2.163 0.000
NaSO4- 1.175e-003 9.472e-004 -2.930 -3.024 -0.094
MgSO4 1.813e-004 1.813e-004 -3.742 -3.742 0.000
KSO4- 1.849e-005 1.490e-005 -4.733 -4.827 -0.094
HSO4- 1.903e-009 1.514e-009 -8.721 -8.820 -0.099

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.16 -4.46 -4.29 CaSO4
Aragonite 0.85 -7.33 -8.19 CaCO3
Artinite -6.39 4.33 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.75 13.16 17.90 Mg(OH)2
Calcite 1.07 -7.33 -8.41 CaCO3
CH4(g) -78.55 -121.98 -43.43 CH4
CO2(g) -3.80 -21.98 -18.18 CO2
Dolomite(disordered) -0.05 -16.16 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.56 -16.16 -16.72 CaMg(CO3)2
Epsomite -3.72 -5.95 -2.23 MgSO4:7H2O
Gypsum 0.16 -4.46 -4.62 CaSO4:2H2O
Halite -5.61 -4.04 1.57 NaCl
Huntite -4.84 -33.81 -28.97 CaMg3(CO3)4
Hydromagnesite -15.40 -22.14 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.85 14.65 34.50 CaO
Magnesite -1.18 -8.82 -7.65 MgCO3
Mg(OH)2(active) -5.64 13.16 18.79 Mg(OH)2
Mirabilite -3.54 -5.39 -1.85 Na2SO4:10H2O
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Natron -6.34 -8.27 -1.92 Na2CO3:10H2O
Nesquehonite -4.38 -8.83 -4.45 MgCO3:3H2O
O2(g) -38.40 50.00 88.39 O2
Periclase -9.83 13.16 22.99 MgO
Portlandite -9.35 14.65 24.00 Ca(OH)2
Thenardite -5.79 -5.38 0.41 Na2SO4
Thermonatrite -8.99 -8.26 0.73 Na2CO3:H2O

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 7/30/09 Heap Leach Pad
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Gypsum 0.00 -4.62 -4.62 0.000e+000 5.011e-003 5.011e-003

-----------------------------Solution composition------------------------------

Elements Molality Moles

C 1.368e-003 1.368e-003
Ca 1.291e-002 1.291e-002
Cl 4.958e-003 4.958e-003
K 3.854e-004 3.853e-004
Mg 5.373e-004 5.372e-004
Na 2.997e-002 2.997e-002
S 2.249e-002 2.248e-002

----------------------------Description of solution----------------------------

pH = 8.555 Charge balance
pe = 10.309 Adjusted to redox

equilibrium
Activity of water = 0.999

Ionic strength = 6.821e-002
Mass of water (kg) = 9.998e-001

Total alkalinity (eq/kg) = 1.449e-003
Total CO2 (mol/kg) = 1.368e-003

Temperature (deg C) = 10.000
Electrical balance (eq) = 5.866e-003

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 6.78
Iterations = 11

Total H = 1.109949e+002
Total O = 5.559085e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.379e-006 1.095e-006 -5.861 -5.961 -0.100
H+ 3.452e-009 2.788e-009 -8.462 -8.555 -0.093
H2O 5.551e+001 9.989e-001 1.744 -0.000 0.000

C(4) 1.368e-003
HCO3- 1.206e-003 9.822e-004 -2.919 -3.008 -0.089
CaHCO3+ 4.990e-005 4.094e-005 -4.302 -4.388 -0.086
CaCO3 4.672e-005 4.672e-005 -4.330 -4.330 0.000
CO3-2 2.844e-005 1.209e-005 -4.546 -4.918 -0.371
NaHCO3 1.728e-005 1.728e-005 -4.762 -4.762 0.000
NaCO3- 9.960e-006 8.114e-006 -5.002 -5.091 -0.089
H2CO3 7.489e-006 7.489e-006 -5.126 -5.126 0.000
MgHCO3+ 1.771e-006 1.417e-006 -5.752 -5.849 -0.097
MgCO3 1.195e-006 1.195e-006 -5.923 -5.923 0.000

Ca 1.291e-002
Ca+2 8.072e-003 3.432e-003 -2.093 -2.464 -0.371
CaSO4 4.740e-003 4.740e-003 -2.324 -2.324 0.000
CaHCO3+ 4.990e-005 4.094e-005 -4.302 -4.388 -0.086
CaCO3 4.672e-005 4.672e-005 -4.330 -4.330 0.000
CaOH+ 7.653e-008 6.278e-008 -7.116 -7.202 -0.086

Cl 4.958e-003
Cl- 4.958e-003 4.004e-003 -2.305 -2.398 -0.093

H(0) 0.000e+000
H2 0.000e+000 0.000e+000 -40.815 -40.808 0.007

K 3.854e-004
K+ 3.687e-004 2.978e-004 -3.433 -3.526 -0.093
KSO4- 1.663e-005 1.355e-005 -4.779 -4.868 -0.089

Mg 5.373e-004
Mg+2 3.611e-004 1.535e-004 -3.442 -3.814 -0.371
MgSO4 1.732e-004 1.732e-004 -3.761 -3.761 0.000
MgHCO3+ 1.771e-006 1.417e-006 -5.752 -5.849 -0.097
MgCO3 1.195e-006 1.195e-006 -5.923 -5.923 0.000
MgOH+ 6.278e-008 5.178e-008 -7.202 -7.286 -0.084

Na 2.997e-002
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Na+ 2.889e-002 2.333e-002 -1.539 -1.632 -0.093
NaSO4- 1.056e-003 8.605e-004 -2.976 -3.065 -0.089
NaHCO3 1.728e-005 1.728e-005 -4.762 -4.762 0.000
NaCO3- 9.960e-006 8.114e-006 -5.002 -5.091 -0.089

O(0) 1.940e-015
O2 9.699e-016 9.853e-016 -15.013 -15.006 0.007

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -127.266 -127.396 -0.130
S5-2 0.000e+000 0.000e+000 -128.035 -128.555 -0.520
S6-2 0.000e+000 0.000e+000 -128.202 -128.722 -0.520
S4-2 0.000e+000 0.000e+000 -128.647 -129.166 -0.520
H2S 0.000e+000 0.000e+000 -128.726 -128.726 0.000
S3-2 0.000e+000 0.000e+000 -129.480 -129.999 -0.520
S2-2 0.000e+000 0.000e+000 -130.535 -131.054 -0.520
S-2 0.000e+000 0.000e+000 -136.235 -136.599 -0.365

S(6) 2.249e-002
SO4-2 1.650e-002 7.017e-003 -1.782 -2.154 -0.371
CaSO4 4.740e-003 4.740e-003 -2.324 -2.324 0.000
NaSO4- 1.056e-003 8.605e-004 -2.976 -3.065 -0.089
MgSO4 1.732e-004 1.732e-004 -3.761 -3.761 0.000
KSO4- 1.663e-005 1.355e-005 -4.779 -4.868 -0.089
HSO4- 1.483e-009 1.195e-009 -8.829 -8.923 -0.094

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.33 -4.62 -4.29 CaSO4
Aragonite 0.81 -7.38 -8.19 CaCO3
Artinite -6.15 4.56 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.61 13.29 17.90 Mg(OH)2
Calcite 1.02 -7.38 -8.41 CaCO3
CH4(g) -129.50 -172.93 -43.43 CH4
CO2(g) -3.84 -22.03 -18.18 CO2
Dolomite(disordered) -0.00 -16.11 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.61 -16.11 -16.72 CaMg(CO3)2
Epsomite -3.74 -5.97 -2.23 MgSO4:7H2O
Gypsum 0.00 -4.62 -4.62 CaSO4:2H2O
H2S(g) -127.94 -135.95 -8.01 H2S
Halite -5.60 -4.03 1.57 NaCl
Huntite -4.61 -33.58 -28.97 CaMg3(CO3)4
Hydromagnesite -14.89 -21.63 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.85 14.64 34.50 CaO
Magnesite -1.09 -8.73 -7.65 MgCO3
Mg(OH)2(active) -5.50 13.29 18.79 Mg(OH)2
Mirabilite -3.57 -5.42 -1.85 Na2SO4:10H2O
Natron -6.26 -8.19 -1.92 Na2CO3:10H2O
Nesquehonite -4.29 -8.73 -4.45 MgCO3:3H2O
O2(g) -12.94 75.45 88.39 O2
Periclase -9.69 13.30 22.99 MgO
Portlandite -9.35 14.64 24.00 Ca(OH)2
Sulfur -96.23 -98.22 -1.99 S
Thenardite -5.82 -5.42 0.41 Na2SO4
Thermonatrite -8.92 -8.18 0.73 Na2CO3:H2O

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------

June 29, 2010

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------
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DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 6/29/10 Heap Leach Pad
pH 8.7
temp 10
Units mg/L
Alkalinity 66
Ca 676
Cl 220
K 17
Mg 11
Na 873
S(6) 3000
EQUILIBRIUM_PHASES 1
Gypsum 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 6/29/10 Heap Leach Pad

-----------------------------Solution composition------------------------------

Elements Molality Moles

Alkalinity 1.087e-003 1.087e-003
Ca 1.695e-002 1.695e-002
Cl 6.236e-003 6.236e-003
K 4.369e-004 4.369e-004
Mg 4.548e-004 4.548e-004
Na 3.816e-002 3.816e-002
S(6) 3.138e-002 3.138e-002

----------------------------Description of solution----------------------------

pH = 8.700
pe = 4.000

Activity of water = 0.999
Ionic strength = 8.859e-002

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 9.949e-004

Total CO2 (mol/kg) = 9.949e-004
Temperature (deg C) = 10.000

Electrical balance (eq) = 3.320e-003
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 2.98

Iterations = 6
Total H = 1.110146e+002
Total O = 5.563534e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.972e-006 1.529e-006 -5.705 -5.816 -0.111
H+ 2.517e-009 1.995e-009 -8.599 -8.700 -0.101
H2O 5.551e+001 9.985e-001 1.744 -0.001 0.000

C(4) 9.949e-004
HCO3- 8.423e-004 6.735e-004 -3.075 -3.172 -0.097
CaCO3 5.126e-005 5.126e-005 -4.290 -4.290 0.000
CaHCO3+ 3.988e-005 3.215e-005 -4.399 -4.493 -0.094
CO3-2 2.934e-005 1.158e-005 -4.533 -4.936 -0.404
NaHCO3 1.467e-005 1.467e-005 -4.834 -4.834 0.000
NaCO3- 1.204e-005 9.623e-006 -4.920 -5.017 -0.097
H2CO3 3.676e-006 3.676e-006 -5.435 -5.435 0.000
MgHCO3+ 9.235e-007 7.224e-007 -6.035 -6.141 -0.107
MgCO3 8.512e-007 8.512e-007 -6.070 -6.070 0.000

Ca 1.695e-002
Ca+2 9.955e-003 3.931e-003 -2.002 -2.406 -0.404
CaSO4 6.903e-003 6.903e-003 -2.161 -2.161 0.000
CaCO3 5.126e-005 5.126e-005 -4.290 -4.290 0.000
CaHCO3+ 3.988e-005 3.215e-005 -4.399 -4.493 -0.094
CaOH+ 1.246e-007 1.004e-007 -6.905 -6.998 -0.094

Cl 6.236e-003
Cl- 6.236e-003 4.943e-003 -2.205 -2.306 -0.101

H(0) 6.464e-029
H2 3.232e-029 3.298e-029 -28.491 -28.482 0.009

K 4.369e-004
K+ 4.132e-004 3.276e-004 -3.384 -3.485 -0.101
KSO4- 2.371e-005 1.895e-005 -4.625 -4.722 -0.097

Mg 4.548e-004
Mg+2 2.892e-004 1.142e-004 -3.539 -3.942 -0.404
MgSO4 1.638e-004 1.638e-004 -3.786 -3.786 0.000
MgHCO3+ 9.235e-007 7.224e-007 -6.035 -6.141 -0.107
MgCO3 8.512e-007 8.512e-007 -6.070 -6.070 0.000
MgOH+ 6.629e-008 5.378e-008 -7.179 -7.269 -0.091

Na 3.816e-002
Na+ 3.644e-002 2.888e-002 -1.438 -1.539 -0.101
NaSO4- 1.694e-003 1.355e-003 -2.771 -2.868 -0.097
NaHCO3 1.467e-005 1.467e-005 -4.834 -4.834 0.000
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NaCO3- 1.204e-005 9.623e-006 -4.920 -5.017 -0.097
O(0) 4.284e-040

O2 2.142e-040 2.186e-040 -39.669 -39.660 0.009
S(6) 3.138e-002

SO4-2 2.260e-002 8.922e-003 -1.646 -2.050 -0.404
CaSO4 6.903e-003 6.903e-003 -2.161 -2.161 0.000
NaSO4- 1.694e-003 1.355e-003 -2.771 -2.868 -0.097
MgSO4 1.638e-004 1.638e-004 -3.786 -3.786 0.000
KSO4- 2.371e-005 1.895e-005 -4.625 -4.722 -0.097
HSO4- 1.378e-009 1.087e-009 -8.861 -8.964 -0.103

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.16 -4.46 -4.29 CaSO4
Aragonite 0.85 -7.34 -8.19 CaCO3
Artinite -6.14 4.58 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.45 13.46 17.90 Mg(OH)2
Calcite 1.06 -7.34 -8.41 CaCO3
CH4(g) -80.50 -123.93 -43.43 CH4
CO2(g) -4.15 -22.34 -18.18 CO2
Dolomite(disordered) -0.11 -16.22 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.50 -16.22 -16.72 CaMg(CO3)2
Epsomite -3.76 -6.00 -2.23 MgSO4:7H2O
Gypsum 0.16 -4.46 -4.62 CaSO4:2H2O
Halite -5.41 -3.85 1.57 NaCl
Huntite -5.01 -33.98 -28.97 CaMg3(CO3)4
Hydromagnesite -15.32 -22.06 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.51 14.99 34.50 CaO
Magnesite -1.23 -8.88 -7.65 MgCO3
Mg(OH)2(active) -5.34 13.46 18.79 Mg(OH)2
Mirabilite -3.28 -5.13 -1.85 Na2SO4:10H2O
Natron -6.10 -8.02 -1.92 Na2CO3:10H2O
Nesquehonite -4.44 -8.88 -4.45 MgCO3:3H2O
O2(g) -37.60 50.80 88.39 O2
Periclase -9.53 13.46 22.99 MgO
Portlandite -9.00 14.99 24.00 Ca(OH)2
Thenardite -5.53 -5.13 0.41 Na2SO4
Thermonatrite -8.75 -8.02 0.73 Na2CO3:H2O

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 6/29/10 Heap Leach Pad
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Gypsum 0.00 -4.62 -4.62 0.000e+000 4.942e-003 4.942e-003

-----------------------------Solution composition------------------------------

Elements Molality Moles

C 9.951e-004 9.949e-004
Ca 1.201e-002 1.201e-002
Cl 6.237e-003 6.236e-003
K 4.370e-004 4.369e-004
Mg 4.549e-004 4.548e-004
Na 3.817e-002 3.816e-002
S 2.644e-002 2.644e-002

----------------------------Description of solution----------------------------

pH = 8.757 Charge balance
pe = 10.181 Adjusted to redox

equilibrium
Activity of water = 0.999

Ionic strength = 7.782e-002
Mass of water (kg) = 9.998e-001

Total alkalinity (eq/kg) = 1.087e-003
Total CO2 (mol/kg) = 9.951e-004

Temperature (deg C) = 10.000
Electrical balance (eq) = 3.320e-003

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 3.30
Iterations = 12

Total H = 1.109948e+002
Total O = 5.560569e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma
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OH- 2.223e-006 1.745e-006 -5.653 -5.758 -0.105
H+ 2.186e-009 1.749e-009 -8.660 -8.757 -0.097
H2O 5.551e+001 9.987e-001 1.744 -0.001 0.000

C(4) 9.951e-004
HCO3- 8.525e-004 6.881e-004 -3.069 -3.162 -0.093
CaCO3 4.478e-005 4.478e-005 -4.349 -4.349 0.000
CO3-2 3.296e-005 1.350e-005 -4.482 -4.870 -0.388
CaHCO3+ 3.027e-005 2.462e-005 -4.519 -4.609 -0.090
NaHCO3 1.518e-005 1.518e-005 -4.819 -4.819 0.000
NaCO3- 1.408e-005 1.136e-005 -4.851 -4.944 -0.093
H2CO3 3.292e-006 3.292e-006 -5.483 -5.483 0.000
MgCO3 1.047e-006 1.047e-006 -5.980 -5.980 0.000
MgHCO3+ 9.850e-007 7.792e-007 -6.007 -6.108 -0.102

Ca 1.201e-002
Ca+2 7.193e-003 2.946e-003 -2.143 -2.531 -0.388
CaSO4 4.742e-003 4.742e-003 -2.324 -2.324 0.000
CaCO3 4.478e-005 4.478e-005 -4.349 -4.349 0.000
CaHCO3+ 3.027e-005 2.462e-005 -4.519 -4.609 -0.090
CaOH+ 1.056e-007 8.589e-008 -6.976 -7.066 -0.090

Cl 6.237e-003
Cl- 6.237e-003 4.990e-003 -2.205 -2.302 -0.097

H(0) 0.000e+000
H2 0.000e+000 0.000e+000 -40.966 -40.958 0.008

K 4.370e-004
K+ 4.152e-004 3.321e-004 -3.382 -3.479 -0.097
KSO4- 2.183e-005 1.762e-005 -4.661 -4.754 -0.093

Mg 4.549e-004
Mg+2 2.943e-004 1.205e-004 -3.531 -3.919 -0.388
MgSO4 1.585e-004 1.585e-004 -3.800 -3.800 0.000
MgCO3 1.047e-006 1.047e-006 -5.980 -5.980 0.000
MgHCO3+ 9.850e-007 7.792e-007 -6.007 -6.108 -0.102
MgOH+ 7.920e-008 6.479e-008 -7.101 -7.189 -0.087

Na 3.817e-002
Na+ 3.658e-002 2.926e-002 -1.437 -1.534 -0.097
NaSO4- 1.559e-003 1.258e-003 -2.807 -2.900 -0.093
NaHCO3 1.518e-005 1.518e-005 -4.819 -4.819 0.000
NaCO3- 1.408e-005 1.136e-005 -4.851 -4.944 -0.093

O(0) 3.853e-015
O2 1.927e-015 1.961e-015 -14.715 -14.707 0.008

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -127.991 -128.130 -0.139
S5-2 0.000e+000 0.000e+000 -128.531 -129.087 -0.555
S6-2 0.000e+000 0.000e+000 -128.698 -129.253 -0.555
S4-2 0.000e+000 0.000e+000 -129.143 -129.698 -0.555
H2S 0.000e+000 0.000e+000 -129.663 -129.663 0.000
S3-2 0.000e+000 0.000e+000 -129.976 -130.531 -0.555
S2-2 0.000e+000 0.000e+000 -131.031 -131.586 -0.555
S-2 0.000e+000 0.000e+000 -136.749 -137.131 -0.382

S(6) 2.644e-002
SO4-2 1.996e-002 8.177e-003 -1.700 -2.087 -0.388
CaSO4 4.742e-003 4.742e-003 -2.324 -2.324 0.000
NaSO4- 1.559e-003 1.258e-003 -2.807 -2.900 -0.093
MgSO4 1.585e-004 1.585e-004 -3.800 -3.800 0.000
KSO4- 2.183e-005 1.762e-005 -4.661 -4.754 -0.093
HSO4- 1.096e-009 8.734e-010 -8.960 -9.059 -0.098

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.32 -4.62 -4.29 CaSO4
Aragonite 0.79 -7.40 -8.19 CaCO3
Artinite -5.91 4.80 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.31 13.59 17.90 Mg(OH)2
Calcite 1.01 -7.40 -8.41 CaCO3
CH4(g) -130.46 -173.89 -43.43 CH4
CO2(g) -4.20 -22.38 -18.18 CO2
Dolomite(disordered) -0.08 -16.19 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.53 -16.19 -16.72 CaMg(CO3)2
Epsomite -3.78 -6.01 -2.23 MgSO4:7H2O
Gypsum 0.00 -4.62 -4.62 CaSO4:2H2O
H2S(g) -128.88 -136.89 -8.01 H2S
Halite -5.40 -3.84 1.57 NaCl
Huntite -4.80 -33.77 -28.97 CaMg3(CO3)4
Hydromagnesite -14.82 -21.56 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.52 14.98 34.50 CaO
Magnesite -1.14 -8.79 -7.65 MgCO3
Mg(OH)2(active) -5.20 13.59 18.79 Mg(OH)2
Mirabilite -3.31 -5.16 -1.85 Na2SO4:10H2O
Natron -6.02 -7.94 -1.92 Na2CO3:10H2O
Nesquehonite -4.35 -8.79 -4.45 MgCO3:3H2O
O2(g) -12.64 75.75 88.39 O2
Periclase -9.39 13.60 22.99 MgO
Portlandite -9.02 14.98 24.00 Ca(OH)2
Sulfur -97.02 -99.01 -1.99 S
Thenardite -5.56 -5.15 0.41 Na2SO4
Thermonatrite -8.67 -7.94 0.73 Na2CO3:H2O

------------------
End of simulation.
------------------
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------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------

July 29, 2010

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 7/29/10 Heap Leach Pad
pH 8.5
temp 10
Units mg/L
Alkalinity 120
Ca 644
Cl 180
K 15
Mg 18
Na 804
S(6) 2900
EQUILIBRIUM_PHASES 1
Gypsum 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 7/29/10 Heap Leach Pad

-----------------------------Solution composition------------------------------

Elements Molality Moles

Alkalinity 1.976e-003 1.976e-003
Ca 1.614e-002 1.614e-002
Cl 5.101e-003 5.101e-003
K 3.855e-004 3.855e-004
Mg 7.441e-004 7.441e-004
Na 3.514e-002 3.514e-002
S(6) 3.033e-002 3.033e-002

----------------------------Description of solution----------------------------

pH = 8.500
pe = 4.000

Activity of water = 0.999
Ionic strength = 8.507e-002

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 1.874e-003

Total CO2 (mol/kg) = 1.874e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.563e-003
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 1.47

Iterations = 6
Total H = 1.110154e+002
Total O = 5.563377e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.240e-006 9.648e-007 -5.907 -6.016 -0.109
H+ 3.978e-009 3.162e-009 -8.400 -8.500 -0.100
H2O 5.551e+001 9.986e-001 1.744 -0.001 0.000

C(4) 1.874e-003
HCO3- 1.645e-003 1.319e-003 -2.784 -2.880 -0.096
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CaHCO3+ 7.500e-005 6.063e-005 -4.125 -4.217 -0.092
CaCO3 6.099e-005 6.099e-005 -4.215 -4.215 0.000
CO3-2 3.585e-005 1.432e-005 -4.446 -4.844 -0.399
NaHCO3 2.655e-005 2.655e-005 -4.576 -4.576 0.000
NaCO3- 1.370e-005 1.099e-005 -4.863 -4.959 -0.096
H2CO3 1.141e-005 1.141e-005 -4.943 -4.943 0.000
MgHCO3+ 2.982e-006 2.341e-006 -5.525 -5.631 -0.105
MgCO3 1.740e-006 1.740e-006 -5.759 -5.759 0.000

Ca 1.614e-002
Ca+2 9.473e-003 3.783e-003 -2.024 -2.422 -0.399
CaSO4 6.535e-003 6.535e-003 -2.185 -2.185 0.000
CaHCO3+ 7.500e-005 6.063e-005 -4.125 -4.217 -0.092
CaCO3 6.099e-005 6.099e-005 -4.215 -4.215 0.000
CaOH+ 7.546e-008 6.100e-008 -7.122 -7.215 -0.092

Cl 5.101e-003
Cl- 5.101e-003 4.055e-003 -2.292 -2.392 -0.100

H(0) 1.625e-028
H2 8.124e-029 8.285e-029 -28.090 -28.082 0.009

K 3.855e-004
K+ 3.649e-004 2.901e-004 -3.438 -3.538 -0.100
KSO4- 2.059e-005 1.651e-005 -4.686 -4.782 -0.096

Mg 7.441e-004
Mg+2 4.728e-004 1.889e-004 -3.325 -3.724 -0.399
MgSO4 2.664e-004 2.664e-004 -3.574 -3.574 0.000
MgHCO3+ 2.982e-006 2.341e-006 -5.525 -5.631 -0.105
MgCO3 1.740e-006 1.740e-006 -5.759 -5.759 0.000
MgOH+ 6.901e-008 5.613e-008 -7.161 -7.251 -0.090

Na 3.514e-002
Na+ 3.356e-002 2.668e-002 -1.474 -1.574 -0.100
NaSO4- 1.535e-003 1.231e-003 -2.814 -2.910 -0.096
NaHCO3 2.655e-005 2.655e-005 -4.576 -4.576 0.000
NaCO3- 1.370e-005 1.099e-005 -4.863 -4.959 -0.096

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -40.469 -40.460 0.009

S(6) 3.033e-002
SO4-2 2.197e-002 8.776e-003 -1.658 -2.057 -0.399
CaSO4 6.535e-003 6.535e-003 -2.185 -2.185 0.000
NaSO4- 1.535e-003 1.231e-003 -2.814 -2.910 -0.096
MgSO4 2.664e-004 2.664e-004 -3.574 -3.574 0.000
KSO4- 2.059e-005 1.651e-005 -4.686 -4.782 -0.096
HSO4- 2.142e-009 1.695e-009 -8.669 -8.771 -0.102

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.19 -4.48 -4.29 CaSO4
Aragonite 0.92 -7.27 -8.19 CaCO3
Artinite -6.01 4.71 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.63 13.27 17.90 Mg(OH)2
Calcite 1.14 -7.27 -8.41 CaCO3
CH4(g) -78.41 -121.84 -43.43 CH4
CO2(g) -3.66 -21.84 -18.18 CO2
Dolomite(disordered) 0.28 -15.83 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.89 -15.83 -16.72 CaMg(CO3)2
Epsomite -3.55 -5.78 -2.23 MgSO4:7H2O
Gypsum 0.14 -4.48 -4.62 CaSO4:2H2O
Halite -5.53 -3.97 1.57 NaCl
Huntite -4.00 -32.97 -28.97 CaMg3(CO3)4
Hydromagnesite -14.26 -21.00 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.92 14.58 34.50 CaO
Magnesite -0.92 -8.57 -7.65 MgCO3
Mg(OH)2(active) -5.52 13.27 18.79 Mg(OH)2
Mirabilite -3.36 -5.21 -1.85 Na2SO4:10H2O
Natron -6.08 -8.00 -1.92 Na2CO3:10H2O
Nesquehonite -4.12 -8.57 -4.45 MgCO3:3H2O
O2(g) -38.40 50.00 88.39 O2
Periclase -9.71 13.28 22.99 MgO
Portlandite -9.42 14.58 24.00 Ca(OH)2
Thenardite -5.61 -5.20 0.41 Na2SO4
Thermonatrite -8.73 -7.99 0.73 Na2CO3:H2O

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 7/29/10 Heap Leach Pad
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Gypsum 0.00 -4.62 -4.62 0.000e+000 4.120e-003 4.120e-003

-----------------------------Solution composition------------------------------

Elements Molality Moles
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C 1.874e-003 1.874e-003
Ca 1.203e-002 1.202e-002
Cl 5.102e-003 5.101e-003
K 3.855e-004 3.855e-004
Mg 7.442e-004 7.441e-004
Na 3.514e-002 3.514e-002
S 2.621e-002 2.621e-002

----------------------------Description of solution----------------------------

pH = 8.547 Charge balance
pe = -2.149 Adjusted to redox

equilibrium
Activity of water = 0.999

Ionic strength = 7.607e-002
Mass of water (kg) = 9.999e-001

Total alkalinity (eq/kg) = 1.976e-003
Total CO2 (mol/kg) = 1.874e-003

Temperature (deg C) = 10.000
Electrical balance (eq) = 1.563e-003

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 1.61
Iterations = 13

Total H = 1.109990e+002
Total O = 5.560905e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.367e-006 1.075e-006 -5.864 -5.968 -0.104
H+ 3.542e-009 2.838e-009 -8.451 -8.547 -0.096
H2O 5.551e+001 9.987e-001 1.744 -0.001 0.000

C(4) 1.874e-003
HCO3- 1.663e-003 1.344e-003 -2.779 -2.872 -0.092
CaHCO3+ 5.925e-005 4.826e-005 -4.227 -4.316 -0.089
CaCO3 5.410e-005 5.410e-005 -4.267 -4.267 0.000
CO3-2 3.942e-005 1.625e-005 -4.404 -4.789 -0.385
NaHCO3 2.734e-005 2.734e-005 -4.563 -4.563 0.000
NaCO3- 1.560e-005 1.261e-005 -4.807 -4.899 -0.092
H2CO3 1.043e-005 1.043e-005 -4.982 -4.982 0.000
MgHCO3+ 3.151e-006 2.497e-006 -5.502 -5.603 -0.101
MgCO3 2.069e-006 2.069e-006 -5.684 -5.684 0.000

Ca 1.203e-002
Ca+2 7.171e-003 2.956e-003 -2.144 -2.529 -0.385
CaSO4 4.742e-003 4.742e-003 -2.324 -2.324 0.000
CaHCO3+ 5.925e-005 4.826e-005 -4.227 -4.316 -0.089
CaCO3 5.410e-005 5.410e-005 -4.267 -4.267 0.000
CaOH+ 6.522e-008 5.312e-008 -7.186 -7.275 -0.089

Cl 5.102e-003
Cl- 5.102e-003 4.088e-003 -2.292 -2.388 -0.096

H(0) 2.607e-016
H2 1.303e-016 1.326e-016 -15.885 -15.877 0.008

K 3.855e-004
K+ 3.663e-004 2.935e-004 -3.436 -3.532 -0.096
KSO4- 1.919e-005 1.551e-005 -4.717 -4.809 -0.092

Mg 7.442e-004
Mg+2 4.798e-004 1.978e-004 -3.319 -3.704 -0.385
MgSO4 2.591e-004 2.591e-004 -3.587 -3.587 0.000
MgHCO3+ 3.151e-006 2.497e-006 -5.502 -5.603 -0.101
MgCO3 2.069e-006 2.069e-006 -5.684 -5.684 0.000
MgOH+ 7.998e-008 6.552e-008 -7.097 -7.184 -0.087

Na 3.514e-002
Na+ 3.367e-002 2.698e-002 -1.473 -1.569 -0.096
NaSO4- 1.429e-003 1.156e-003 -2.845 -2.937 -0.092
NaHCO3 2.734e-005 2.734e-005 -4.563 -4.563 0.000
NaCO3- 1.560e-005 1.261e-005 -4.807 -4.899 -0.092

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -64.877 -64.869 0.008

S(-2) 4.776e-028
HS- 3.461e-028 2.523e-028 -27.461 -27.598 -0.137
S5-2 6.080e-029 1.718e-029 -28.216 -28.765 -0.549
S6-2 4.139e-029 1.170e-029 -28.383 -28.932 -0.549
S4-2 1.487e-029 4.202e-030 -28.828 -29.377 -0.549
H2S 1.200e-029 1.200e-029 -28.921 -28.921 0.000
S3-2 2.186e-030 6.175e-031 -29.660 -30.209 -0.549
S2-2 1.925e-031 5.440e-032 -30.716 -31.264 -0.549
S-2 3.709e-037 1.551e-037 -36.431 -36.809 -0.379

S(6) 2.621e-002
SO4-2 1.976e-002 8.148e-003 -1.704 -2.089 -0.385
CaSO4 4.742e-003 4.742e-003 -2.324 -2.324 0.000
NaSO4- 1.429e-003 1.156e-003 -2.845 -2.937 -0.092
MgSO4 2.591e-004 2.591e-004 -3.587 -3.587 0.000
KSO4- 1.919e-005 1.551e-005 -4.717 -4.809 -0.092
HSO4- 1.768e-009 1.412e-009 -8.752 -8.850 -0.098

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT



149

Anhydrite -0.32 -4.62 -4.29 CaSO4
Aragonite 0.87 -7.32 -8.19 CaCO3
Artinite -5.82 4.89 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.51 13.39 17.90 Mg(OH)2
Calcite 1.09 -7.32 -8.41 CaCO3
CH4(g) -29.63 -73.06 -43.43 CH4
CO2(g) -3.70 -21.88 -18.18 CO2
Dolomite(disordered) 0.30 -15.81 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.91 -15.81 -16.72 CaMg(CO3)2
Epsomite -3.56 -5.80 -2.23 MgSO4:7H2O
Gypsum 0.00 -4.62 -4.62 CaSO4:2H2O
H2S(g) -28.14 -36.15 -8.01 H2S
Halite -5.53 -3.96 1.57 NaCl
Huntite -3.83 -32.80 -28.97 CaMg3(CO3)4
Hydromagnesite -13.85 -20.58 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.93 14.56 34.50 CaO
Magnesite -0.85 -8.49 -7.65 MgCO3
Mg(OH)2(active) -5.40 13.39 18.79 Mg(OH)2
Mirabilite -3.38 -5.23 -1.85 Na2SO4:10H2O
Natron -6.01 -7.93 -1.92 Na2CO3:10H2O
Nesquehonite -4.05 -8.49 -4.45 MgCO3:3H2O
O2(g) -62.80 25.59 88.39 O2
Periclase -9.60 13.39 22.99 MgO
Portlandite -9.43 14.56 24.00 Ca(OH)2
Sulfur -21.36 -23.35 -1.99 S
Thenardite -5.63 -5.23 0.41 Na2SO4
Thermonatrite -8.66 -7.93 0.73 Na2CO3:H2O

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------

November 3, 2011

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 11/3/11 Heap Leach Pad
pH 8.5
temp 10
Units mg/L
Alkalinity 56
Ca 724
Cl 390
K 20
Mg 14
Na 1270
S(6) 3300
EQUILIBRIUM_PHASES 1
Gypsum 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 11/3/11 Heap Leach Pad

-----------------------------Solution composition------------------------------

Elements Molality Moles

Alkalinity 9.231e-004 9.231e-004
Ca 1.817e-002 1.817e-002
Cl 1.106e-002 1.106e-002
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K 5.145e-004 5.145e-004
Mg 5.794e-004 5.794e-004
Na 5.556e-002 5.556e-002
S(6) 3.455e-002 3.455e-002

----------------------------Description of solution----------------------------

pH = 8.500
pe = 4.000

Activity of water = 0.998
Ionic strength = 1.052e-001

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 8.700e-004

Total CO2 (mol/kg) = 8.700e-004
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.249e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 8.98

Iterations = 6
Total H = 1.110145e+002
Total O = 5.564765e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.265e-006 9.643e-007 -5.898 -6.016 -0.118
H+ 4.038e-009 3.162e-009 -8.394 -8.500 -0.106
H2O 5.551e+001 9.981e-001 1.744 -0.001 0.000

C(4) 8.700e-004
HCO3- 7.518e-004 5.935e-004 -3.124 -3.227 -0.103
CaHCO3+ 3.666e-005 2.920e-005 -4.436 -4.535 -0.099
CaCO3 2.938e-005 2.938e-005 -4.532 -4.532 0.000
NaHCO3 1.857e-005 1.857e-005 -4.731 -4.731 0.000
CO3-2 1.712e-005 6.440e-006 -4.767 -5.191 -0.425
NaCO3- 9.740e-006 7.689e-006 -5.011 -5.114 -0.103
H2CO3 5.133e-006 5.133e-006 -5.290 -5.290 0.000
MgHCO3+ 1.011e-006 7.788e-007 -5.995 -6.109 -0.113
MgCO3 5.790e-007 5.790e-007 -6.237 -6.237 0.000

Ca 1.817e-002
Ca+2 1.077e-002 4.052e-003 -1.968 -2.392 -0.425
CaSO4 7.334e-003 7.334e-003 -2.135 -2.135 0.000
CaHCO3+ 3.666e-005 2.920e-005 -4.436 -4.535 -0.099
CaCO3 2.938e-005 2.938e-005 -4.532 -4.532 0.000
CaOH+ 8.195e-008 6.529e-008 -7.086 -7.185 -0.099

Cl 1.106e-002
Cl- 1.106e-002 8.665e-003 -1.956 -2.062 -0.106

H(0) 1.617e-028
H2 8.087e-029 8.285e-029 -28.092 -28.082 0.011

K 5.145e-004
K+ 4.858e-004 3.804e-004 -3.314 -3.420 -0.106
KSO4- 2.874e-005 2.269e-005 -4.541 -4.644 -0.103

Mg 5.794e-004
Mg+2 3.712e-004 1.397e-004 -3.430 -3.855 -0.425
MgSO4 2.065e-004 2.065e-004 -3.685 -3.685 0.000
MgHCO3+ 1.011e-006 7.788e-007 -5.995 -6.109 -0.113
MgCO3 5.790e-007 5.790e-007 -6.237 -6.237 0.000
MgOH+ 5.171e-008 4.149e-008 -7.286 -7.382 -0.096

Na 5.556e-002
Na+ 5.299e-002 4.150e-002 -1.276 -1.382 -0.106
NaSO4- 2.541e-003 2.006e-003 -2.595 -2.698 -0.103
NaHCO3 1.857e-005 1.857e-005 -4.731 -4.731 0.000
NaCO3- 9.740e-006 7.689e-006 -5.011 -5.114 -0.103

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -40.471 -40.461 0.011

S(6) 3.455e-002
SO4-2 2.444e-002 9.195e-003 -1.612 -2.036 -0.425
CaSO4 7.334e-003 7.334e-003 -2.135 -2.135 0.000
NaSO4- 2.541e-003 2.006e-003 -2.595 -2.698 -0.103
MgSO4 2.065e-004 2.065e-004 -3.685 -3.685 0.000
KSO4- 2.874e-005 2.269e-005 -4.541 -4.644 -0.103
HSO4- 2.284e-009 1.776e-009 -8.641 -8.751 -0.109

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.14 -4.43 -4.29 CaSO4
Aragonite 0.61 -7.58 -8.19 CaCO3
Artinite -6.62 4.10 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.76 13.14 17.90 Mg(OH)2
Calcite 0.82 -7.58 -8.41 CaCO3
CH4(g) -78.76 -122.19 -43.43 CH4
CO2(g) -4.01 -22.19 -18.18 CO2
Dolomite(disordered) -0.52 -16.63 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.09 -16.63 -16.72 CaMg(CO3)2
Epsomite -3.66 -5.90 -2.23 MgSO4:7H2O
Gypsum 0.19 -4.43 -4.62 CaSO4:2H2O
Halite -5.01 -3.44 1.57 NaCl
Huntite -5.75 -34.72 -28.97 CaMg3(CO3)4
Hydromagnesite -16.31 -23.04 -6.74 Mg5(CO3)4(OH)2:4H2O
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Lime -19.89 14.61 34.50 CaO
Magnesite -1.40 -9.05 -7.65 MgCO3
Mg(OH)2(active) -5.65 13.14 18.79 Mg(OH)2
Mirabilite -2.96 -4.81 -1.85 Na2SO4:10H2O
Natron -6.04 -7.96 -1.92 Na2CO3:10H2O
Nesquehonite -4.60 -9.05 -4.45 MgCO3:3H2O
O2(g) -38.40 50.00 88.39 O2
Periclase -9.84 13.14 22.99 MgO
Portlandite -9.39 14.61 24.00 Ca(OH)2
Thenardite -5.21 -4.80 0.41 Na2SO4
Thermonatrite -8.69 -7.96 0.73 Na2CO3:H2O

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 11/3/11 Heap Leach Pad
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Gypsum 0.00 -4.62 -4.62 0.000e+000 5.953e-003 5.953e-003

-----------------------------Solution composition------------------------------

Elements Molality Moles

C 8.702e-004 8.700e-004
Ca 1.222e-002 1.222e-002
Cl 1.107e-002 1.106e-002
K 5.146e-004 5.145e-004
Mg 5.795e-004 5.794e-004
Na 5.557e-002 5.556e-002
S 2.860e-002 2.860e-002

----------------------------Description of solution----------------------------

pH = 8.559 Charge balance
pe = -2.990 Adjusted to redox

equilibrium
Activity of water = 0.998

Ionic strength = 9.225e-002
Mass of water (kg) = 9.998e-001

Total alkalinity (eq/kg) = 9.233e-004
Total CO2 (mol/kg) = 8.702e-004

Temperature (deg C) = 10.000
Electrical balance (eq) = 1.249e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 9.89
Iterations = 13

Total H = 1.109907e+002
Total O = 5.561193e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 1.429e-006 1.104e-006 -5.845 -5.957 -0.112
H+ 3.496e-009 2.764e-009 -8.456 -8.559 -0.102
H2O 5.551e+001 9.983e-001 1.744 -0.001 0.000

C(4) 8.702e-004
HCO3- 7.625e-004 6.078e-004 -3.118 -3.216 -0.098
CaHCO3+ 2.660e-005 2.138e-005 -4.575 -4.670 -0.095
CaCO3 2.462e-005 2.462e-005 -4.609 -4.609 0.000
CO3-2 1.934e-005 7.547e-006 -4.714 -5.122 -0.409
NaHCO3 1.929e-005 1.929e-005 -4.715 -4.715 0.000
NaCO3- 1.146e-005 9.135e-006 -4.941 -5.039 -0.098
H2CO3 4.595e-006 4.595e-006 -5.338 -5.338 0.000
MgHCO3+ 1.085e-006 8.457e-007 -5.965 -6.073 -0.108
MgCO3 7.194e-007 7.194e-007 -6.143 -6.143 0.000

Ca 1.222e-002
Ca+2 7.422e-003 2.897e-003 -2.130 -2.538 -0.409
CaSO4 4.746e-003 4.746e-003 -2.324 -2.324 0.000
CaHCO3+ 2.660e-005 2.138e-005 -4.575 -4.670 -0.095
CaCO3 2.462e-005 2.462e-005 -4.609 -4.609 0.000
CaOH+ 6.645e-008 5.342e-008 -7.177 -7.272 -0.095

Cl 1.107e-002
Cl- 1.107e-002 8.747e-003 -1.956 -2.058 -0.102

H(0) 1.185e-014
H2 5.924e-015 6.052e-015 -14.227 -14.218 0.009

K 5.146e-004
K+ 4.885e-004 3.861e-004 -3.311 -3.413 -0.102
KSO4- 2.615e-005 2.084e-005 -4.583 -4.681 -0.098

Mg 5.795e-004
Mg+2 3.794e-004 1.481e-004 -3.421 -3.829 -0.409
MgSO4 1.982e-004 1.982e-004 -3.703 -3.703 0.000
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MgHCO3+ 1.085e-006 8.457e-007 -5.965 -6.073 -0.108
MgCO3 7.194e-007 7.194e-007 -6.143 -6.143 0.000
MgOH+ 6.222e-008 5.035e-008 -7.206 -7.298 -0.092

Na 5.557e-002
Na+ 5.323e-002 4.208e-002 -1.274 -1.376 -0.102
NaSO4- 2.310e-003 1.841e-003 -2.636 -2.735 -0.098
NaHCO3 1.929e-005 1.929e-005 -4.715 -4.715 0.000
NaCO3- 1.146e-005 9.135e-006 -4.941 -5.039 -0.098

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -68.197 -68.188 0.009

S(-2) 2.195e-021
HS- 1.543e-021 1.089e-021 -20.812 -20.963 -0.151
S5-2 3.063e-022 7.615e-023 -21.514 -22.118 -0.604
S6-2 2.085e-022 5.185e-023 -21.681 -22.285 -0.604
S4-2 7.493e-023 1.863e-023 -22.125 -22.730 -0.604
H2S 5.045e-023 5.045e-023 -22.297 -22.297 0.000
S3-2 1.101e-023 2.738e-024 -22.958 -23.563 -0.604
S2-2 9.700e-025 2.412e-025 -24.013 -24.618 -0.604
S-2 1.744e-030 6.875e-031 -29.758 -30.163 -0.404

S(6) 2.860e-002
SO4-2 2.132e-002 8.323e-003 -1.671 -2.080 -0.409
CaSO4 4.746e-003 4.746e-003 -2.324 -2.324 0.000
NaSO4- 2.310e-003 1.841e-003 -2.636 -2.735 -0.098
MgSO4 1.982e-004 1.982e-004 -3.703 -3.703 0.000
KSO4- 2.615e-005 2.084e-005 -4.583 -4.681 -0.098
HSO4- 1.787e-009 1.405e-009 -8.748 -8.852 -0.105

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.32 -4.62 -4.29 CaSO4
Aragonite 0.53 -7.66 -8.19 CaCO3
Artinite -6.38 4.33 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -4.62 13.29 17.90 Mg(OH)2
Calcite 0.75 -7.66 -8.41 CaCO3
CH4(g) -23.35 -66.78 -43.43 CH4
CO2(g) -4.05 -22.24 -18.18 CO2
Dolomite(disordered) -0.50 -16.61 -16.11 CaMg(CO3)2
Dolomite(ordered) 0.11 -16.61 -16.72 CaMg(CO3)2
Epsomite -3.68 -5.91 -2.23 MgSO4:7H2O
Gypsum 0.00 -4.62 -4.62 CaSO4:2H2O
H2S(g) -21.51 -29.52 -8.01 H2S
Halite -5.00 -3.43 1.57 NaCl
Huntite -5.55 -34.52 -28.97 CaMg3(CO3)4
Hydromagnesite -15.78 -22.52 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.92 14.58 34.50 CaO
Magnesite -1.31 -8.95 -7.65 MgCO3
Mg(OH)2(active) -5.51 13.29 18.79 Mg(OH)2
Mirabilite -2.99 -4.84 -1.85 Na2SO4:10H2O
Natron -5.96 -7.88 -1.92 Na2CO3:10H2O
Nesquehonite -4.51 -8.95 -4.45 MgCO3:3H2O
O2(g) -66.12 22.27 88.39 O2
Periclase -9.70 13.29 22.99 MgO
Portlandite -9.42 14.58 24.00 Ca(OH)2
Sulfur -16.39 -18.38 -1.99 S
Thenardite -5.24 -4.83 0.41 Na2SO4
Thermonatrite -8.61 -7.87 0.73 Na2CO3:H2O

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------

July 29, 2012

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
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------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 7/29/12 Heap Leach Pad
pH 8.9
temp 10
Units mg/L
Alkalinity 75
Ca 668
Cl 360
K 18
Mg 14
Na 1220
S(6) 3000
EQUILIBRIUM_PHASES 1
Gypsum 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 7/29/12 Heap Leach Pad

-----------------------------Solution composition------------------------------

Elements Molality Moles

Alkalinity 1.236e-003 1.236e-003
Ca 1.676e-002 1.676e-002
Cl 1.021e-002 1.021e-002
K 4.629e-004 4.629e-004
Mg 5.791e-004 5.791e-004
Na 5.335e-002 5.335e-002
S(6) 3.140e-002 3.140e-002

----------------------------Description of solution----------------------------

pH = 8.900
pe = 4.000

Activity of water = 0.998
Ionic strength = 9.821e-002

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 1.077e-003

Total CO2 (mol/kg) = 1.077e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.425e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 10.91

Iterations = 6
Total H = 1.110146e+002
Total O = 5.563565e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.156e-006 2.423e-006 -5.501 -5.616 -0.115
H+ 1.600e-009 1.259e-009 -8.796 -8.900 -0.104
H2O 5.551e+001 9.982e-001 1.744 -0.001 0.000

C(4) 1.077e-003
HCO3- 8.555e-004 6.788e-004 -3.068 -3.168 -0.100
CaCO3 8.069e-005 8.069e-005 -4.093 -4.093 0.000
CO3-2 4.824e-005 1.850e-005 -4.317 -4.733 -0.416
CaHCO3+ 3.989e-005 3.193e-005 -4.399 -4.496 -0.097
NaCO3- 2.693e-005 2.137e-005 -4.570 -4.670 -0.100
NaHCO3 2.055e-005 2.055e-005 -4.687 -4.687 0.000
H2CO3 2.337e-006 2.337e-006 -5.631 -5.631 0.000
MgCO3 1.721e-006 1.721e-006 -5.764 -5.764 0.000
MgHCO3+ 1.189e-006 9.216e-007 -5.925 -6.035 -0.111

Ca 1.676e-002
Ca+2 1.010e-002 3.873e-003 -1.996 -2.412 -0.416
CaSO4 6.537e-003 6.537e-003 -2.185 -2.185 0.000
CaCO3 8.069e-005 8.069e-005 -4.093 -4.093 0.000
CaHCO3+ 3.989e-005 3.193e-005 -4.399 -4.496 -0.097
CaOH+ 1.959e-007 1.568e-007 -6.708 -6.805 -0.097

Cl 1.021e-002
Cl- 1.021e-002 8.034e-003 -1.991 -2.095 -0.104

H(0) 2.568e-029
H2 1.284e-029 1.313e-029 -28.892 -28.882 0.010

K 4.629e-004
K+ 4.387e-004 3.452e-004 -3.358 -3.462 -0.104
KSO4- 2.419e-005 1.919e-005 -4.616 -4.717 -0.100

Mg 5.791e-004
Mg+2 3.769e-004 1.445e-004 -3.424 -3.840 -0.416
MgSO4 1.992e-004 1.992e-004 -3.701 -3.701 0.000
MgCO3 1.721e-006 1.721e-006 -5.764 -5.764 0.000
MgHCO3+ 1.189e-006 9.216e-007 -5.925 -6.035 -0.111
MgOH+ 1.338e-007 1.079e-007 -6.873 -6.967 -0.094

Na 5.335e-002
Na+ 5.102e-002 4.015e-002 -1.292 -1.396 -0.104



154

NaSO4- 2.281e-003 1.810e-003 -2.642 -2.742 -0.100
NaCO3- 2.693e-005 2.137e-005 -4.570 -4.670 -0.100
NaHCO3 2.055e-005 2.055e-005 -4.687 -4.687 0.000

O(0) 2.695e-039
O2 1.348e-039 1.378e-039 -38.870 -38.861 0.010

S(6) 3.140e-002
SO4-2 2.236e-002 8.574e-003 -1.651 -2.067 -0.416
CaSO4 6.537e-003 6.537e-003 -2.185 -2.185 0.000
NaSO4- 2.281e-003 1.810e-003 -2.642 -2.742 -0.100
MgSO4 1.992e-004 1.992e-004 -3.701 -3.701 0.000
KSO4- 2.419e-005 1.919e-005 -4.616 -4.717 -0.100
HSO4- 8.429e-010 6.592e-010 -9.074 -9.181 -0.107

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.19 -4.48 -4.29 CaSO4
Aragonite 1.04 -7.14 -8.19 CaCO3
Artinite -5.33 5.38 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -3.94 13.96 17.90 Mg(OH)2
Calcite 1.26 -7.14 -8.41 CaCO3
CH4(g) -82.30 -125.73 -43.43 CH4
CO2(g) -4.35 -22.53 -18.18 CO2
Dolomite(disordered) 0.39 -15.72 -16.11 CaMg(CO3)2
Dolomite(ordered) 1.01 -15.72 -16.72 CaMg(CO3)2
Epsomite -3.68 -5.91 -2.23 MgSO4:7H2O
Gypsum 0.14 -4.48 -4.62 CaSO4:2H2O
Halite -5.06 -3.49 1.57 NaCl
Huntite -3.90 -32.86 -28.97 CaMg3(CO3)4
Hydromagnesite -13.60 -20.34 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.11 15.39 34.50 CaO
Magnesite -0.93 -8.57 -7.65 MgCO3
Mg(OH)2(active) -4.84 13.96 18.79 Mg(OH)2
Mirabilite -3.02 -4.87 -1.85 Na2SO4:10H2O
Natron -5.61 -7.53 -1.92 Na2CO3:10H2O
Nesquehonite -4.13 -8.58 -4.45 MgCO3:3H2O
O2(g) -36.80 51.60 88.39 O2
Periclase -9.03 13.96 22.99 MgO
Portlandite -8.61 15.39 24.00 Ca(OH)2
Thenardite -5.27 -4.86 0.41 Na2SO4
Thermonatrite -8.26 -7.53 0.73 Na2CO3:H2O

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 7/29/12 Heap Leach Pad
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Gypsum 0.00 -4.62 -4.62 0.000e+000 4.205e-003 4.205e-003

-----------------------------Solution composition------------------------------

Elements Molality Moles

C 1.077e-003 1.077e-003
Ca 1.255e-002 1.255e-002
Cl 1.021e-002 1.021e-002
K 4.629e-004 4.629e-004
Mg 5.792e-004 5.791e-004
Na 5.336e-002 5.335e-002
S 2.720e-002 2.719e-002

----------------------------Description of solution----------------------------

pH = 8.946 Charge balance
pe = -3.537 Adjusted to redox

equilibrium
Activity of water = 0.998

Ionic strength = 8.898e-002
Mass of water (kg) = 9.998e-001

Total alkalinity (eq/kg) = 1.236e-003
Total CO2 (mol/kg) = 1.077e-003

Temperature (deg C) = 10.000
Electrical balance (eq) = 1.425e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 11.74
Iterations = 14

Total H = 1.109978e+002
Total O = 5.561043e+001

----------------------------Distribution of species----------------------------

Log Log Log
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Species Molality Activity Molality Activity Gamma

OH- 3.473e-006 2.691e-006 -5.459 -5.570 -0.111
H+ 1.430e-009 1.133e-009 -8.845 -8.946 -0.101
H2O 5.551e+001 9.983e-001 1.744 -0.001 0.000

C(4) 1.077e-003
HCO3- 8.639e-004 6.905e-004 -3.064 -3.161 -0.097
CaCO3 7.153e-005 7.153e-005 -4.146 -4.146 0.000
CO3-2 5.302e-005 2.091e-005 -4.276 -4.680 -0.404
CaHCO3+ 3.162e-005 2.548e-005 -4.500 -4.594 -0.094
NaCO3- 3.052e-005 2.440e-005 -4.515 -4.613 -0.097
NaHCO3 2.112e-005 2.112e-005 -4.675 -4.675 0.000
H2CO3 2.141e-006 2.141e-006 -5.669 -5.669 0.000
MgCO3 2.033e-006 2.033e-006 -5.692 -5.692 0.000
MgHCO3+ 1.253e-006 9.800e-007 -5.902 -6.009 -0.107

Ca 1.255e-002
Ca+2 7.706e-003 3.039e-003 -2.113 -2.517 -0.404
CaSO4 4.745e-003 4.745e-003 -2.324 -2.324 0.000
CaCO3 7.153e-005 7.153e-005 -4.146 -4.146 0.000
CaHCO3+ 3.162e-005 2.548e-005 -4.500 -4.594 -0.094
CaOH+ 1.696e-007 1.366e-007 -6.771 -6.864 -0.094

Cl 1.021e-002
Cl- 1.021e-002 8.091e-003 -1.991 -2.092 -0.101

H(0) 2.476e-014
H2 1.238e-014 1.263e-014 -13.907 -13.898 0.009

K 4.629e-004
K+ 4.405e-004 3.490e-004 -3.356 -3.457 -0.101
KSO4- 2.247e-005 1.796e-005 -4.648 -4.746 -0.097

Mg 5.792e-004
Mg+2 3.831e-004 1.511e-004 -3.417 -3.821 -0.404
MgSO4 1.927e-004 1.927e-004 -3.715 -3.715 0.000
MgCO3 2.033e-006 2.033e-006 -5.692 -5.692 0.000
MgHCO3+ 1.253e-006 9.800e-007 -5.902 -6.009 -0.107
MgOH+ 1.544e-007 1.252e-007 -6.811 -6.902 -0.091

Na 5.336e-002
Na+ 5.119e-002 4.057e-002 -1.291 -1.392 -0.101
NaSO4- 2.117e-003 1.692e-003 -2.674 -2.772 -0.097
NaCO3- 3.052e-005 2.440e-005 -4.515 -4.613 -0.097
NaHCO3 2.112e-005 2.112e-005 -4.675 -4.675 0.000

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -68.836 -68.827 0.009

S(-2) 2.216e-020
HS- 1.138e-020 8.088e-021 -19.944 -20.092 -0.148
S5-2 5.408e-021 1.379e-021 -20.267 -20.861 -0.594
S6-2 3.682e-021 9.386e-022 -20.434 -21.028 -0.594
S4-2 1.323e-021 3.372e-022 -20.878 -21.472 -0.594
S3-2 1.944e-022 4.956e-023 -21.711 -22.305 -0.594
H2S 1.536e-022 1.536e-022 -21.814 -21.814 0.000
S2-2 1.713e-023 4.366e-024 -22.766 -23.360 -0.594
S-2 3.122e-029 1.245e-029 -28.506 -28.905 -0.399

S(6) 2.720e-002
SO4-2 2.012e-002 7.934e-003 -1.696 -2.101 -0.404
CaSO4 4.745e-003 4.745e-003 -2.324 -2.324 0.000
NaSO4- 2.117e-003 1.692e-003 -2.674 -2.772 -0.097
MgSO4 1.927e-004 1.927e-004 -3.715 -3.715 0.000
KSO4- 2.247e-005 1.796e-005 -4.648 -4.746 -0.097
HSO4- 6.965e-010 5.491e-010 -9.157 -9.260 -0.103

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.32 -4.62 -4.29 CaSO4
Aragonite 0.99 -7.20 -8.19 CaCO3
Artinite -5.15 5.57 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -3.83 14.07 17.90 Mg(OH)2
Calcite 1.21 -7.20 -8.41 CaCO3
CH4(g) -22.40 -65.84 -43.43 CH4
CO2(g) -4.39 -22.57 -18.18 CO2
Dolomite(disordered) 0.41 -15.70 -16.11 CaMg(CO3)2
Dolomite(ordered) 1.03 -15.70 -16.72 CaMg(CO3)2
Epsomite -3.69 -5.93 -2.23 MgSO4:7H2O
Gypsum 0.00 -4.62 -4.62 CaSO4:2H2O
H2S(g) -21.03 -29.04 -8.01 H2S
Halite -5.05 -3.48 1.57 NaCl
Huntite -3.73 -32.70 -28.97 CaMg3(CO3)4
Hydromagnesite -13.20 -19.94 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.13 15.37 34.50 CaO
Magnesite -0.85 -8.50 -7.65 MgCO3
Mg(OH)2(active) -4.73 14.07 18.79 Mg(OH)2
Mirabilite -3.04 -4.89 -1.85 Na2SO4:10H2O
Natron -5.55 -7.47 -1.92 Na2CO3:10H2O
Nesquehonite -4.06 -8.50 -4.45 MgCO3:3H2O
O2(g) -66.76 21.63 88.39 O2
Periclase -8.92 14.07 22.99 MgO
Portlandite -8.63 15.37 24.00 Ca(OH)2
Sulfur -16.23 -18.22 -1.99 S
Thenardite -5.29 -4.88 0.41 Na2SO4
Thermonatrite -8.20 -7.46 0.73 Na2CO3:H2O

------------------



156

End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------

August 27, 2012

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 8/27/12 Heap Leach Pad
pH 8.9
temp 10
Units mg/L
Alkalinity 81
Ca 685
Cl 410
K 19
Mg 17
Na 1310
S(6) 3200
EQUILIBRIUM_PHASES 1
Gypsum 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 8/27/12 Heap Leach Pad

-----------------------------Solution composition------------------------------

Elements Molality Moles

Alkalinity 1.335e-003 1.335e-003
Ca 1.719e-002 1.719e-002
Cl 1.163e-002 1.163e-002
K 4.888e-004 4.888e-004
Mg 7.035e-004 7.035e-004
Na 5.731e-002 5.731e-002
S(6) 3.350e-002 3.350e-002

----------------------------Description of solution----------------------------

pH = 8.900
pe = 4.000

Activity of water = 0.998
Ionic strength = 1.043e-001

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 1.162e-003

Total CO2 (mol/kg) = 1.162e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.361e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 9.76

Iterations = 6
Total H = 1.110147e+002
Total O = 5.564433e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.174e-006 2.422e-006 -5.498 -5.616 -0.117
H+ 1.607e-009 1.259e-009 -8.794 -8.900 -0.106
H2O 5.551e+001 9.981e-001 1.744 -0.001 0.000
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C(4) 1.162e-003
HCO3- 9.203e-004 7.269e-004 -3.036 -3.139 -0.102
CaCO3 8.609e-005 8.609e-005 -4.065 -4.065 0.000
CO3-2 5.255e-005 1.982e-005 -4.279 -4.703 -0.424
CaHCO3+ 4.274e-005 3.407e-005 -4.369 -4.468 -0.098
NaCO3- 3.093e-005 2.443e-005 -4.510 -4.612 -0.102
NaHCO3 2.349e-005 2.349e-005 -4.629 -4.629 0.000
H2CO3 2.503e-006 2.503e-006 -5.601 -5.601 0.000
MgCO3 2.178e-006 2.178e-006 -5.662 -5.662 0.000
MgHCO3+ 1.513e-006 1.166e-006 -5.820 -5.933 -0.113

Ca 1.719e-002
Ca+2 1.023e-002 3.859e-003 -1.990 -2.414 -0.424
CaSO4 6.827e-003 6.827e-003 -2.166 -2.166 0.000
CaCO3 8.609e-005 8.609e-005 -4.065 -4.065 0.000
CaHCO3+ 4.274e-005 3.407e-005 -4.369 -4.468 -0.098
CaOH+ 1.959e-007 1.562e-007 -6.708 -6.806 -0.098

Cl 1.163e-002
Cl- 1.163e-002 9.114e-003 -1.934 -2.040 -0.106

H(0) 2.564e-029
H2 1.282e-029 1.313e-029 -28.892 -28.882 0.010

K 4.888e-004
K+ 4.620e-004 3.621e-004 -3.335 -3.441 -0.106
KSO4- 2.672e-005 2.111e-005 -4.573 -4.676 -0.102

Mg 7.035e-004
Mg+2 4.529e-004 1.708e-004 -3.344 -3.768 -0.424
MgSO4 2.467e-004 2.467e-004 -3.608 -3.608 0.000
MgCO3 2.178e-006 2.178e-006 -5.662 -5.662 0.000
MgHCO3+ 1.513e-006 1.166e-006 -5.820 -5.933 -0.113
MgOH+ 1.587e-007 1.274e-007 -6.799 -6.895 -0.095

Na 5.731e-002
Na+ 5.469e-002 4.286e-002 -1.262 -1.368 -0.106
NaSO4- 2.564e-003 2.025e-003 -2.591 -2.694 -0.102
NaCO3- 3.093e-005 2.443e-005 -4.510 -4.612 -0.102
NaHCO3 2.349e-005 2.349e-005 -4.629 -4.629 0.000

O(0) 2.691e-039
O2 1.345e-039 1.378e-039 -38.871 -38.861 0.010

S(6) 3.350e-002
SO4-2 2.384e-002 8.988e-003 -1.623 -2.046 -0.424
CaSO4 6.827e-003 6.827e-003 -2.166 -2.166 0.000
NaSO4- 2.564e-003 2.025e-003 -2.591 -2.694 -0.102
MgSO4 2.467e-004 2.467e-004 -3.608 -3.608 0.000
KSO4- 2.672e-005 2.111e-005 -4.573 -4.676 -0.102
HSO4- 8.882e-010 6.910e-010 -9.051 -9.161 -0.109

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.17 -4.46 -4.29 CaSO4
Aragonite 1.07 -7.12 -8.19 CaCO3
Artinite -5.16 5.56 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -3.87 14.03 17.90 Mg(OH)2
Calcite 1.29 -7.12 -8.41 CaCO3
CH4(g) -82.27 -125.70 -43.43 CH4
CO2(g) -4.32 -22.50 -18.18 CO2
Dolomite(disordered) 0.52 -15.59 -16.11 CaMg(CO3)2
Dolomite(ordered) 1.14 -15.59 -16.72 CaMg(CO3)2
Epsomite -3.59 -5.82 -2.23 MgSO4:7H2O
Gypsum 0.16 -4.46 -4.62 CaSO4:2H2O
Halite -4.98 -3.41 1.57 NaCl
Huntite -3.56 -32.53 -28.97 CaMg3(CO3)4
Hydromagnesite -13.12 -19.86 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.11 15.39 34.50 CaO
Magnesite -0.83 -8.47 -7.65 MgCO3
Mg(OH)2(active) -4.76 14.03 18.79 Mg(OH)2
Mirabilite -2.94 -4.79 -1.85 Na2SO4:10H2O
Natron -5.52 -7.45 -1.92 Na2CO3:10H2O
Nesquehonite -4.03 -8.47 -4.45 MgCO3:3H2O
O2(g) -36.80 51.60 88.39 O2
Periclase -8.96 14.03 22.99 MgO
Portlandite -8.61 15.38 24.00 Ca(OH)2
Thenardite -5.19 -4.78 0.41 Na2SO4
Thermonatrite -8.17 -7.44 0.73 Na2CO3:H2O

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 8/27/12 Heap Leach Pad
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Gypsum 0.00 -4.62 -4.62 0.000e+000 4.835e-003 4.835e-003

-----------------------------Solution composition------------------------------
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Elements Molality Moles

C 1.163e-003 1.162e-003
Ca 1.236e-002 1.236e-002
Cl 1.163e-002 1.163e-002
K 4.888e-004 4.888e-004
Mg 7.036e-004 7.035e-004
Na 5.732e-002 5.731e-002
S 2.867e-002 2.867e-002

----------------------------Description of solution----------------------------

pH = 8.951 Charge balance
pe = 10.125 Adjusted to redox

equilibrium
Activity of water = 0.998

Ionic strength = 9.383e-002
Mass of water (kg) = 9.998e-001

Total alkalinity (eq/kg) = 1.335e-003
Total CO2 (mol/kg) = 1.163e-003

Temperature (deg C) = 10.000
Electrical balance (eq) = 1.361e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 10.55
Iterations = 11

Total H = 1.109953e+002
Total O = 5.561532e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.534e-006 2.724e-006 -5.452 -5.565 -0.113
H+ 1.418e-009 1.119e-009 -8.848 -8.951 -0.103
H2O 5.551e+001 9.982e-001 1.744 -0.001 0.000

C(4) 1.163e-003
HCO3- 9.306e-004 7.409e-004 -3.031 -3.130 -0.099
CaCO3 7.454e-005 7.454e-005 -4.128 -4.128 0.000
CO3-2 5.847e-005 2.271e-005 -4.233 -4.644 -0.411
NaCO3- 3.556e-005 2.831e-005 -4.449 -4.548 -0.099
CaHCO3+ 3.266e-005 2.623e-005 -4.486 -4.581 -0.095
NaHCO3 2.421e-005 2.421e-005 -4.616 -4.616 0.000
MgCO3 2.618e-006 2.618e-006 -5.582 -5.582 0.000
H2CO3 2.269e-006 2.269e-006 -5.644 -5.644 0.000
MgHCO3+ 1.602e-006 1.247e-006 -5.795 -5.904 -0.109

Ca 1.236e-002
Ca+2 7.504e-003 2.915e-003 -2.125 -2.535 -0.411
CaSO4 4.747e-003 4.747e-003 -2.324 -2.324 0.000
CaCO3 7.454e-005 7.454e-005 -4.128 -4.128 0.000
CaHCO3+ 3.266e-005 2.623e-005 -4.486 -4.581 -0.095
CaOH+ 1.653e-007 1.327e-007 -6.782 -6.877 -0.095

Cl 1.163e-002
Cl- 1.163e-002 9.184e-003 -1.934 -2.037 -0.103

H(0) 0.000e+000
H2 0.000e+000 0.000e+000 -41.243 -41.234 0.009

K 4.888e-004
K+ 4.641e-004 3.664e-004 -3.333 -3.436 -0.103
KSO4- 2.469e-005 1.966e-005 -4.607 -4.706 -0.099

Mg 7.036e-004
Mg+2 4.610e-004 1.791e-004 -3.336 -3.747 -0.411
MgSO4 2.382e-004 2.382e-004 -3.623 -3.623 0.000
MgCO3 2.618e-006 2.618e-006 -5.582 -5.582 0.000
MgHCO3+ 1.602e-006 1.247e-006 -5.795 -5.904 -0.109
MgOH+ 1.859e-007 1.503e-007 -6.731 -6.823 -0.092

Na 5.732e-002
Na+ 5.489e-002 4.334e-002 -1.260 -1.363 -0.103
NaSO4- 2.367e-003 1.885e-003 -2.626 -2.725 -0.099
NaCO3- 3.556e-005 2.831e-005 -4.449 -4.548 -0.099
NaHCO3 2.421e-005 2.421e-005 -4.616 -4.616 0.000

O(0) 1.365e-014
O2 6.825e-015 6.974e-015 -14.166 -14.157 0.009

S(-2) 0.000e+000
HS- 0.000e+000 0.000e+000 -129.268 -129.420 -0.152
S5-2 0.000e+000 0.000e+000 -129.574 -130.183 -0.610
S6-2 0.000e+000 0.000e+000 -129.741 -130.350 -0.610
S4-2 0.000e+000 0.000e+000 -130.185 -130.795 -0.610
S3-2 0.000e+000 0.000e+000 -131.018 -131.628 -0.610
H2S 0.000e+000 0.000e+000 -131.147 -131.147 0.000
S2-2 0.000e+000 0.000e+000 -132.073 -132.683 -0.610
S-2 0.000e+000 0.000e+000 -137.821 -138.228 -0.407

S(6) 2.867e-002
SO4-2 2.130e-002 8.273e-003 -1.672 -2.082 -0.411
CaSO4 4.747e-003 4.747e-003 -2.324 -2.324 0.000
NaSO4- 2.367e-003 1.885e-003 -2.626 -2.725 -0.099
MgSO4 2.382e-004 2.382e-004 -3.623 -3.623 0.000
KSO4- 2.469e-005 1.966e-005 -4.607 -4.706 -0.099
HSO4- 7.205e-010 5.655e-010 -9.142 -9.248 -0.105

------------------------------Saturation indices-------------------------------
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Phase SI log IAP log KT

Anhydrite -0.32 -4.62 -4.29 CaSO4
Aragonite 1.01 -7.18 -8.19 CaCO3
Artinite -4.96 5.76 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -3.75 14.15 17.90 Mg(OH)2
Calcite 1.23 -7.18 -8.41 CaCO3
CH4(g) -131.72 -175.15 -43.43 CH4
CO2(g) -4.36 -22.54 -18.18 CO2
Dolomite(disordered) 0.54 -15.57 -16.11 CaMg(CO3)2
Dolomite(ordered) 1.15 -15.57 -16.72 CaMg(CO3)2
Epsomite -3.60 -5.83 -2.23 MgSO4:7H2O
Gypsum 0.00 -4.62 -4.62 CaSO4:2H2O
H2S(g) -130.36 -138.37 -8.01 H2S
Halite -4.97 -3.40 1.57 NaCl
Huntite -3.38 -32.35 -28.97 CaMg3(CO3)4
Hydromagnesite -12.67 -19.41 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.13 15.37 34.50 CaO
Magnesite -0.75 -8.39 -7.65 MgCO3
Mg(OH)2(active) -4.64 14.15 18.79 Mg(OH)2
Mirabilite -2.97 -4.82 -1.85 Na2SO4:10H2O
Natron -5.46 -7.38 -1.92 Na2CO3:10H2O
Nesquehonite -3.95 -8.39 -4.45 MgCO3:3H2O
O2(g) -12.09 76.30 88.39 O2
Periclase -8.83 14.15 22.99 MgO
Portlandite -8.63 15.37 24.00 Ca(OH)2
Sulfur -98.23 -100.22 -1.99 S
Thenardite -5.21 -4.81 0.41 Na2SO4
Thermonatrite -8.11 -7.37 0.73 Na2CO3:H2O

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------

September 27, 2012

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 9/27/12 Heap Leach Pad
pH 9
temp 10
Units mg/L
Alkalinity 82
Ca 731
Cl 550
K 22
Mg 15
Na 1610
S(6) 3600
EQUILIBRIUM_PHASES 1
Gypsum 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 9/27/12 Heap Leach Pad

-----------------------------Solution composition------------------------------

Elements Molality Moles

Alkalinity 1.353e-003 1.353e-003
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Ca 1.836e-002 1.836e-002
Cl 1.562e-002 1.562e-002
K 5.664e-004 5.664e-004
Mg 6.213e-004 6.213e-004
Na 7.050e-002 7.050e-002
S(6) 3.772e-002 3.772e-002

----------------------------Description of solution----------------------------

pH = 9.000
pe = 4.000

Activity of water = 0.998
Ionic strength = 1.195e-001

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 1.139e-003

Total CO2 (mol/kg) = 1.139e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.661e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 10.17

Iterations = 6
Total H = 1.110146e+002
Total O = 5.566115e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 4.050e-006 3.048e-006 -5.393 -5.516 -0.123
H+ 1.288e-009 1.000e-009 -8.890 -9.000 -0.110
H2O 5.551e+001 9.977e-001 1.744 -0.001 0.000

C(4) 1.139e-003
HCO3- 8.583e-004 6.710e-004 -3.066 -3.173 -0.107
CaCO3 1.014e-004 1.014e-004 -3.994 -3.994 0.000
CO3-2 6.341e-005 2.303e-005 -4.198 -4.638 -0.440
NaCO3- 4.410e-005 3.447e-005 -4.356 -4.463 -0.107
CaHCO3+ 4.037e-005 3.188e-005 -4.394 -4.497 -0.103
NaHCO3 2.633e-005 2.633e-005 -4.579 -4.579 0.000
MgCO3 2.125e-006 2.125e-006 -5.673 -5.673 0.000
H2CO3 1.835e-006 1.835e-006 -5.736 -5.736 0.000
MgHCO3+ 1.188e-006 9.039e-007 -5.925 -6.044 -0.119

Ca 1.836e-002
Ca+2 1.077e-002 3.912e-003 -1.968 -2.408 -0.440
CaSO4 7.448e-003 7.448e-003 -2.128 -2.128 0.000
CaCO3 1.014e-004 1.014e-004 -3.994 -3.994 0.000
CaHCO3+ 4.037e-005 3.188e-005 -4.394 -4.497 -0.103
CaOH+ 2.523e-007 1.992e-007 -6.598 -6.701 -0.103

Cl 1.562e-002
Cl- 1.562e-002 1.212e-002 -1.806 -1.916 -0.110

H(0) 1.612e-029
H2 8.060e-030 8.285e-030 -29.094 -29.082 0.012

K 5.664e-004
K+ 5.332e-004 4.139e-004 -3.273 -3.383 -0.110
KSO4- 3.322e-005 2.597e-005 -4.479 -4.586 -0.107

Mg 6.213e-004
Mg+2 3.948e-004 1.434e-004 -3.404 -3.843 -0.440
MgSO4 2.230e-004 2.230e-004 -3.652 -3.652 0.000
MgCO3 2.125e-006 2.125e-006 -5.673 -5.673 0.000
MgHCO3+ 1.188e-006 9.039e-007 -5.925 -6.044 -0.119
MgOH+ 1.692e-007 1.346e-007 -6.772 -6.871 -0.099

Na 7.050e-002
Na+ 6.704e-002 5.204e-002 -1.174 -1.284 -0.110
NaSO4- 3.385e-003 2.646e-003 -2.470 -2.577 -0.107
NaCO3- 4.410e-005 3.447e-005 -4.356 -4.463 -0.107
NaHCO3 2.633e-005 2.633e-005 -4.579 -4.579 0.000

O(0) 6.731e-039
O2 3.365e-039 3.459e-039 -38.473 -38.461 0.012

S(6) 3.772e-002
SO4-2 2.663e-002 9.673e-003 -1.575 -2.014 -0.440
CaSO4 7.448e-003 7.448e-003 -2.128 -2.128 0.000
NaSO4- 3.385e-003 2.646e-003 -2.470 -2.577 -0.107
MgSO4 2.230e-004 2.230e-004 -3.652 -3.652 0.000
KSO4- 3.322e-005 2.597e-005 -4.479 -4.586 -0.107
HSO4- 7.682e-010 5.907e-010 -9.115 -9.229 -0.114

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.13 -4.42 -4.29 CaSO4
Aragonite 1.14 -7.05 -8.19 CaCO3
Artinite -5.05 5.67 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -3.75 14.15 17.90 Mg(OH)2
Calcite 1.36 -7.05 -8.41 CaCO3
CH4(g) -83.20 -126.63 -43.43 CH4
CO2(g) -4.45 -22.64 -18.18 CO2
Dolomite(disordered) 0.58 -15.53 -16.11 CaMg(CO3)2
Dolomite(ordered) 1.20 -15.53 -16.72 CaMg(CO3)2
Epsomite -3.63 -5.86 -2.23 MgSO4:7H2O
Gypsum 0.20 -4.42 -4.62 CaSO4:2H2O
Halite -4.77 -3.20 1.57 NaCl
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Huntite -3.52 -32.49 -28.97 CaMg3(CO3)4
Hydromagnesite -13.04 -19.77 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -18.91 15.59 34.50 CaO
Magnesite -0.84 -8.48 -7.65 MgCO3
Mg(OH)2(active) -4.64 14.15 18.79 Mg(OH)2
Mirabilite -2.74 -4.59 -1.85 Na2SO4:10H2O
Natron -5.29 -7.21 -1.92 Na2CO3:10H2O
Nesquehonite -4.04 -8.48 -4.45 MgCO3:3H2O
O2(g) -36.40 52.00 88.39 O2
Periclase -8.83 14.16 22.99 MgO
Portlandite -8.41 15.59 24.00 Ca(OH)2
Thenardite -4.99 -4.58 0.41 Na2SO4
Thermonatrite -7.94 -7.21 0.73 Na2CO3:H2O

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 9/27/12 Heap Leach Pad
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Gypsum 0.00 -4.62 -4.62 0.000e+000 6.191e-003 6.191e-003

-----------------------------Solution composition------------------------------

Elements Molality Moles

C 1.139e-003 1.139e-003
Ca 1.217e-002 1.217e-002
Cl 1.562e-002 1.562e-002
K 5.666e-004 5.664e-004
Mg 6.214e-004 6.213e-004
Na 7.051e-002 7.050e-002
S 3.154e-002 3.153e-002

----------------------------Description of solution----------------------------

pH = 9.060 Charge balance
pe = -3.384 Adjusted to redox

equilibrium
Activity of water = 0.998

Ionic strength = 1.063e-001
Mass of water (kg) = 9.998e-001

Total alkalinity (eq/kg) = 1.353e-003
Total CO2 (mol/kg) = 1.139e-003

Temperature (deg C) = 10.000
Electrical balance (eq) = 1.661e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 11.07
Iterations = 12

Total H = 1.109898e+002
Total O = 5.562400e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 4.599e-006 3.503e-006 -5.337 -5.456 -0.118
H+ 1.112e-009 8.703e-010 -8.954 -9.060 -0.106
H2O 5.551e+001 9.979e-001 1.744 -0.001 0.000

C(4) 1.139e-003
HCO3- 8.701e-004 6.863e-004 -3.060 -3.163 -0.103
CaCO3 8.356e-005 8.356e-005 -4.078 -4.078 0.000
CO3-2 7.214e-005 2.706e-005 -4.142 -4.568 -0.426
NaCO3- 5.201e-005 4.103e-005 -4.284 -4.387 -0.103
CaHCO3+ 2.871e-005 2.286e-005 -4.542 -4.641 -0.099
NaHCO3 2.728e-005 2.728e-005 -4.564 -4.564 0.000
MgCO3 2.635e-006 2.635e-006 -5.579 -5.579 0.000
H2CO3 1.634e-006 1.634e-006 -5.787 -5.787 0.000
MgHCO3+ 1.268e-006 9.755e-007 -5.897 -6.011 -0.114

Ca 1.217e-002
Ca+2 7.311e-003 2.742e-003 -2.136 -2.562 -0.426
CaSO4 4.750e-003 4.750e-003 -2.323 -2.323 0.000
CaCO3 8.356e-005 8.356e-005 -4.078 -4.078 0.000
CaHCO3+ 2.871e-005 2.286e-005 -4.542 -4.641 -0.099
CaOH+ 2.017e-007 1.605e-007 -6.695 -6.794 -0.099

Cl 1.562e-002
Cl- 1.562e-002 1.222e-002 -1.806 -1.913 -0.106

H(0) 7.172e-015
H2 3.586e-015 3.675e-015 -14.445 -14.435 0.011

K 5.666e-004
K+ 5.362e-004 4.196e-004 -3.271 -3.377 -0.106
KSO4- 3.036e-005 2.395e-005 -4.518 -4.621 -0.103

Mg 6.214e-004
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Mg+2 4.033e-004 1.513e-004 -3.394 -3.820 -0.426
MgSO4 2.140e-004 2.140e-004 -3.670 -3.670 0.000
MgCO3 2.635e-006 2.635e-006 -5.579 -5.579 0.000
MgHCO3+ 1.268e-006 9.755e-007 -5.897 -6.011 -0.114
MgOH+ 2.036e-007 1.633e-007 -6.691 -6.787 -0.096

Na 7.051e-002
Na+ 6.734e-002 5.270e-002 -1.172 -1.278 -0.106
NaSO4- 3.090e-003 2.438e-003 -2.510 -2.613 -0.103
NaCO3- 5.201e-005 4.103e-005 -4.284 -4.387 -0.103
NaHCO3 2.728e-005 2.728e-005 -4.564 -4.564 0.000

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -67.765 -67.755 0.011

S(-2) 1.684e-022
HS- 7.176e-023 4.940e-023 -22.144 -22.306 -0.162
S5-2 4.884e-023 1.096e-023 -22.311 -22.960 -0.649
S6-2 3.325e-023 7.465e-024 -22.478 -23.127 -0.649
S4-2 1.195e-023 2.682e-024 -22.923 -23.571 -0.649
S3-2 1.756e-024 3.942e-025 -23.756 -24.404 -0.649
H2S 7.204e-025 7.204e-025 -24.142 -24.142 0.000
S2-2 1.547e-025 3.472e-026 -24.811 -25.459 -0.649
S-2 2.626e-031 9.899e-032 -30.581 -31.004 -0.424

S(6) 3.154e-002
SO4-2 2.346e-002 8.799e-003 -1.630 -2.056 -0.426
CaSO4 4.750e-003 4.750e-003 -2.323 -2.323 0.000
NaSO4- 3.090e-003 2.438e-003 -2.510 -2.613 -0.103
MgSO4 2.140e-004 2.140e-004 -3.670 -3.670 0.000
KSO4- 3.036e-005 2.395e-005 -4.518 -4.621 -0.103
HSO4- 6.020e-010 4.676e-010 -9.220 -9.330 -0.110

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.32 -4.62 -4.29 CaSO4
Aragonite 1.06 -7.13 -8.19 CaCO3
Artinite -4.81 5.91 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -3.60 14.30 17.90 Mg(OH)2
Calcite 1.28 -7.13 -8.41 CaCO3
CH4(g) -24.67 -68.10 -43.43 CH4
CO2(g) -4.50 -22.69 -18.18 CO2
Dolomite(disordered) 0.59 -15.52 -16.11 CaMg(CO3)2
Dolomite(ordered) 1.21 -15.52 -16.72 CaMg(CO3)2
Epsomite -3.65 -5.88 -2.23 MgSO4:7H2O
Gypsum 0.00 -4.62 -4.62 CaSO4:2H2O
H2S(g) -23.36 -31.37 -8.01 H2S
Halite -4.76 -3.19 1.57 NaCl
Huntite -3.33 -32.29 -28.97 CaMg3(CO3)4
Hydromagnesite -12.52 -19.26 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -18.94 15.56 34.50 CaO
Magnesite -0.74 -8.39 -7.65 MgCO3
Mg(OH)2(active) -4.50 14.30 18.79 Mg(OH)2
Mirabilite -2.77 -4.62 -1.85 Na2SO4:10H2O
Natron -5.21 -7.13 -1.92 Na2CO3:10H2O
Nesquehonite -3.95 -8.39 -4.45 MgCO3:3H2O
O2(g) -65.69 22.70 88.39 O2
Periclase -8.69 14.30 22.99 MgO
Portlandite -8.44 15.56 24.00 Ca(OH)2
Sulfur -18.02 -20.01 -1.99 S
Thenardite -5.02 -4.61 0.41 Na2SO4
Thermonatrite -7.86 -7.12 0.73 Na2CO3:H2O

------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------

October 18, 2012

Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END
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------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive
2.17.4799\database\minteq.v5.dat

Solution 1 - Beal Mtn 10/18/12 Heap Leach Pad
pH 8.9
temp 10
Units mg/L
Alkalinity 75
Ca 818
Cl 820
K 24
Mg 19
Na 1870
S(6) 4100
EQUILIBRIUM_PHASES 1
Gypsum 0 0
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Beal Mtn 10/18/12 Heap Leach Pad

-----------------------------Solution composition------------------------------

Elements Molality Moles

Alkalinity 1.239e-003 1.239e-003
Ca 2.057e-002 2.057e-002
Cl 2.331e-002 2.331e-002
K 6.186e-004 6.186e-004
Mg 7.878e-004 7.878e-004
Na 8.197e-002 8.197e-002
S(6) 4.301e-002 4.301e-002

----------------------------Description of solution----------------------------

pH = 8.900
pe = 4.000

Activity of water = 0.997
Ionic strength = 1.380e-001

Mass of water (kg) = 1.000e+000
Total carbon (mol/kg) = 1.066e-003

Total CO2 (mol/kg) = 1.066e-003
Temperature (deg C) = 10.000

Electrical balance (eq) = 1.474e-002
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 7.70

Iterations = 6
Total H = 1.110146e+002
Total O = 5.568208e+001

----------------------------Distribution of species----------------------------

Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.264e-006 2.420e-006 -5.486 -5.616 -0.130
H+ 1.637e-009 1.259e-009 -8.786 -8.900 -0.114
H2O 5.551e+001 9.973e-001 1.744 -0.001 0.000

C(4) 1.066e-003
HCO3- 8.219e-004 6.354e-004 -3.085 -3.197 -0.112
CaCO3 8.108e-005 8.108e-005 -4.091 -4.091 0.000
CO3-2 4.958e-005 1.732e-005 -4.305 -4.761 -0.457
CaHCO3+ 4.105e-005 3.208e-005 -4.387 -4.494 -0.107
NaCO3- 3.848e-005 2.975e-005 -4.415 -4.527 -0.112
NaHCO3 2.861e-005 2.861e-005 -4.543 -4.543 0.000
H2CO3 2.188e-006 2.188e-006 -5.660 -5.660 0.000
MgCO3 1.925e-006 1.925e-006 -5.715 -5.715 0.000
MgHCO3+ 1.373e-006 1.031e-006 -5.862 -5.987 -0.125

Ca 2.057e-002
Ca+2 1.190e-002 4.157e-003 -1.924 -2.381 -0.457
CaSO4 8.547e-003 8.547e-003 -2.068 -2.068 0.000
CaCO3 8.108e-005 8.108e-005 -4.091 -4.091 0.000
CaHCO3+ 4.105e-005 3.208e-005 -4.387 -4.494 -0.107
CaOH+ 2.151e-007 1.681e-007 -6.667 -6.774 -0.107

Cl 2.331e-002
Cl- 2.331e-002 1.792e-002 -1.632 -1.747 -0.114

H(0) 2.544e-029
H2 1.272e-029 1.313e-029 -28.896 -28.882 0.014

K 6.186e-004
K+ 5.796e-004 4.456e-004 -3.237 -3.351 -0.114
KSO4- 3.904e-005 3.018e-005 -4.408 -4.520 -0.112

Mg 7.878e-004
Mg+2 4.944e-004 1.727e-004 -3.306 -3.763 -0.457
MgSO4 2.900e-004 2.900e-004 -3.538 -3.538 0.000
MgCO3 1.925e-006 1.925e-006 -5.715 -5.715 0.000
MgHCO3+ 1.373e-006 1.031e-006 -5.862 -5.987 -0.125
MgOH+ 1.634e-007 1.288e-007 -6.787 -6.890 -0.103
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Na 8.197e-002
Na+ 7.767e-002 5.971e-002 -1.110 -1.224 -0.114
NaSO4- 4.241e-003 3.278e-003 -2.373 -2.484 -0.112
NaCO3- 3.848e-005 2.975e-005 -4.415 -4.527 -0.112
NaHCO3 2.861e-005 2.861e-005 -4.543 -4.543 0.000

O(0) 2.666e-039
O2 1.333e-039 1.376e-039 -38.875 -38.861 0.014

S(6) 4.301e-002
SO4-2 2.989e-002 1.044e-002 -1.524 -1.981 -0.457
CaSO4 8.547e-003 8.547e-003 -2.068 -2.068 0.000
NaSO4- 4.241e-003 3.278e-003 -2.373 -2.484 -0.112
MgSO4 2.900e-004 2.900e-004 -3.538 -3.538 0.000
KSO4- 3.904e-005 3.018e-005 -4.408 -4.520 -0.112
HSO4- 1.058e-009 8.030e-010 -8.976 -9.095 -0.120

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.07 -4.36 -4.29 CaSO4
Aragonite 1.05 -7.14 -8.19 CaCO3
Artinite -5.21 5.51 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -3.87 14.04 17.90 Mg(OH)2
Calcite 1.26 -7.14 -8.41 CaCO3
CH4(g) -82.33 -125.76 -43.43 CH4
CO2(g) -4.38 -22.56 -18.18 CO2
Dolomite(disordered) 0.44 -15.67 -16.11 CaMg(CO3)2
Dolomite(ordered) 1.06 -15.67 -16.72 CaMg(CO3)2
Epsomite -3.52 -5.75 -2.23 MgSO4:7H2O
Gypsum 0.25 -4.36 -4.62 CaSO4:2H2O
Halite -4.54 -2.97 1.57 NaCl
Huntite -3.75 -32.71 -28.97 CaMg3(CO3)4
Hydromagnesite -13.33 -20.07 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.08 15.42 34.50 CaO
Magnesite -0.88 -8.52 -7.65 MgCO3
Mg(OH)2(active) -4.76 14.04 18.79 Mg(OH)2
Mirabilite -2.59 -4.44 -1.85 Na2SO4:10H2O
Natron -5.30 -7.22 -1.92 Na2CO3:10H2O
Nesquehonite -4.08 -8.53 -4.45 MgCO3:3H2O
O2(g) -36.80 51.60 88.39 O2
Periclase -8.95 14.04 22.99 MgO
Portlandite -8.58 15.42 24.00 Ca(OH)2
Thenardite -4.84 -4.43 0.41 Na2SO4
Thermonatrite -7.94 -7.21 0.73 Na2CO3:H2O

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Beal Mtn 10/18/12 Heap Leach Pad
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

Moles in assemblage
Phase SI log IAP log KT Initial Final Delta

Gypsum 0.00 -4.62 -4.62 0.000e+000 8.563e-003 8.563e-003

-----------------------------Solution composition------------------------------

Elements Molality Moles

C 1.067e-003 1.066e-003
Ca 1.201e-002 1.201e-002
Cl 2.332e-002 2.331e-002
K 6.188e-004 6.186e-004
Mg 7.881e-004 7.878e-004
Na 8.200e-002 8.197e-002
S 3.446e-002 3.445e-002

----------------------------Description of solution----------------------------

pH = 8.975 Charge balance
pe = -3.325 Adjusted to redox

equilibrium
Activity of water = 0.998

Ionic strength = 1.201e-001
Mass of water (kg) = 9.997e-001

Total alkalinity (eq/kg) = 1.239e-003
Total CO2 (mol/kg) = 1.067e-003

Temperature (deg C) = 10.000
Electrical balance (eq) = 1.474e-002

Percent error, 100*(Cat-|An|)/(Cat+|An|) = 8.50
Iterations = 13

Total H = 1.109803e+002
Total O = 5.563070e+001

----------------------------Distribution of species----------------------------
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Log Log Log
Species Molality Activity Molality Activity Gamma

OH- 3.825e-006 2.878e-006 -5.417 -5.541 -0.124
H+ 1.365e-009 1.059e-009 -8.865 -8.975 -0.110
H2O 5.551e+001 9.975e-001 1.744 -0.001 0.000

C(4) 1.067e-003
HCO3- 8.368e-004 6.539e-004 -3.077 -3.184 -0.107
CaCO3 6.203e-005 6.203e-005 -4.207 -4.207 0.000
CO3-2 5.843e-005 2.119e-005 -4.233 -4.674 -0.440
NaCO3- 4.730e-005 3.696e-005 -4.325 -4.432 -0.107
NaHCO3 2.990e-005 2.990e-005 -4.524 -4.524 0.000
CaHCO3+ 2.616e-005 2.065e-005 -4.582 -4.685 -0.103
MgCO3 2.515e-006 2.515e-006 -5.599 -5.599 0.000
H2CO3 1.894e-006 1.894e-006 -5.723 -5.723 0.000
MgHCO3+ 1.489e-006 1.133e-006 -5.827 -5.946 -0.119

Ca 1.201e-002
Ca+2 7.168e-003 2.600e-003 -2.145 -2.585 -0.440
CaSO4 4.753e-003 4.753e-003 -2.323 -2.323 0.000
CaCO3 6.203e-005 6.203e-005 -4.207 -4.207 0.000
CaHCO3+ 2.616e-005 2.065e-005 -4.582 -4.685 -0.103
CaOH+ 1.584e-007 1.250e-007 -6.800 -6.903 -0.103

Cl 2.332e-002
Cl- 2.332e-002 1.809e-002 -1.632 -1.742 -0.110

H(0) 8.079e-015
H2 4.039e-015 4.153e-015 -14.394 -14.382 0.012

K 6.188e-004
K+ 5.839e-004 4.531e-004 -3.234 -3.344 -0.110
KSO4- 3.493e-005 2.729e-005 -4.457 -4.564 -0.107

Mg 7.881e-004
Mg+2 5.085e-004 1.844e-004 -3.294 -3.734 -0.440
MgSO4 2.754e-004 2.754e-004 -3.560 -3.560 0.000
MgCO3 2.515e-006 2.515e-006 -5.599 -5.599 0.000
MgHCO3+ 1.489e-006 1.133e-006 -5.827 -5.946 -0.119
MgOH+ 2.056e-007 1.635e-007 -6.687 -6.786 -0.099

Na 8.200e-002
Na+ 7.813e-002 6.064e-002 -1.107 -1.217 -0.110
NaSO4- 3.788e-003 2.960e-003 -2.422 -2.529 -0.107
NaCO3- 4.730e-005 3.696e-005 -4.325 -4.432 -0.107
NaHCO3 2.990e-005 2.990e-005 -4.524 -4.524 0.000

O(0) 0.000e+000
O2 0.000e+000 0.000e+000 -67.873 -67.861 0.012

S(-2) 3.376e-022
HS- 1.541e-022 1.036e-022 -21.812 -21.985 -0.172
S5-2 9.247e-023 1.890e-023 -22.034 -22.724 -0.690
S6-2 6.296e-023 1.287e-023 -22.201 -22.891 -0.690
S4-2 2.262e-023 4.623e-024 -22.645 -23.335 -0.690
S3-2 3.325e-024 6.794e-025 -23.478 -24.168 -0.690
H2S 1.838e-024 1.838e-024 -23.736 -23.736 0.000
S2-2 2.929e-025 5.985e-026 -24.533 -25.223 -0.690
S-2 4.706e-031 1.706e-031 -30.327 -30.768 -0.441

S(6) 3.446e-002
SO4-2 2.561e-002 9.288e-003 -1.592 -2.032 -0.440
CaSO4 4.753e-003 4.753e-003 -2.323 -2.323 0.000
NaSO4- 3.788e-003 2.960e-003 -2.422 -2.529 -0.107
MgSO4 2.754e-004 2.754e-004 -3.560 -3.560 0.000
KSO4- 3.493e-005 2.729e-005 -4.457 -4.564 -0.107
HSO4- 7.815e-010 6.006e-010 -9.107 -9.221 -0.114

------------------------------Saturation indices-------------------------------

Phase SI log IAP log KT

Anhydrite -0.32 -4.62 -4.29 CaSO4
Aragonite 0.93 -7.26 -8.19 CaCO3
Artinite -4.91 5.80 10.72 MgCO3:Mg(OH)2:3H2O
Brucite -3.69 14.21 17.90 Mg(OH)2
Calcite 1.15 -7.26 -8.41 CaCO3
CH4(g) -24.39 -67.82 -43.43 CH4
CO2(g) -4.44 -22.62 -18.18 CO2
Dolomite(disordered) 0.44 -15.67 -16.11 CaMg(CO3)2
Dolomite(ordered) 1.06 -15.67 -16.72 CaMg(CO3)2
Epsomite -3.54 -5.77 -2.23 MgSO4:7H2O
Gypsum 0.00 -4.62 -4.62 CaSO4:2H2O
H2S(g) -22.95 -30.96 -8.01 H2S
Halite -4.53 -2.96 1.57 NaCl
Huntite -3.52 -32.48 -28.97 CaMg3(CO3)4
Hydromagnesite -12.68 -19.42 -6.74 Mg5(CO3)4(OH)2:4H2O
Lime -19.13 15.36 34.50 CaO
Magnesite -0.76 -8.41 -7.65 MgCO3
Mg(OH)2(active) -4.58 14.21 18.79 Mg(OH)2
Mirabilite -2.63 -4.48 -1.85 Na2SO4:10H2O
Natron -5.20 -7.12 -1.92 Na2CO3:10H2O
Nesquehonite -3.97 -8.41 -4.45 MgCO3:3H2O
O2(g) -65.80 22.60 88.39 O2
Periclase -8.77 14.21 22.99 MgO
Portlandite -8.63 15.36 24.00 Ca(OH)2
Sulfur -17.67 -19.66 -1.99 S
Thenardite -4.87 -4.47 0.41 Na2SO4
Thermonatrite -7.84 -7.11 0.73 Na2CO3:H2O
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------------------
End of simulation.
------------------

------------------------------------
Reading input data for simulation 2.
------------------------------------

-----------
End of run.
-----------


